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ABSTRACT 

This  project  describes  the  development  of  a  priority  setting 
technique  that  can  be  used  in  connection  with  capital  improvement 
programming.   First,  previously  developed  and  implemented  techniques 
were  reviewed.   These  included  sufficiency  rating  techinques,  engineering 
economic  and  cost-effectiveness  methods,  mathematical  programming,  and 
other  various  priority  setting  techniques.   Several  computer  packages 
used  in  priority  setting  were  also  examined. 

Next,  the  work  categories  of  the  Indiana  Department  of  Highways 
(IDOH)  were  reviewed.   Impact  categories  were  developed  and  their 
respective  priority  evaluation  measures  were  assessed  to  measure  the 
importance  of  specific  projects  within  each  impact  category.   Then 
existing  priority  setting  techniques  were  critiqued  and  the  proposed 
technique  of  successive  subsetting  was  described. 

A  sample  problem  consisting  of  a  group  of  bridge  replacement 
projects  was  considered  using  the  proposed  technique  and  the  priorities 
were  set.   In  addition,  the  technique  was  applied  to  set  priorities 
within  a  group  of  road  replacement  projects.   Finally,  suggested  rank- 
ings for  impact  categories  within  each  IDOH  work  category  were  listed, 
and  priority  evaluation  measures  were  developed  for  the  most  significant 
work  categories. 


CHAP  T£R  1 
INTRODUCTION 

This  research  project  develops  a  technique  that  can 
aid  in  the  evaluation  and  selection  of  highway  improvement 
projects  for  implementation  within  a  given  work  category. 

The  overall  process  of  highway  project  selection  and 
programming  is  presented  in  Figure  1. 1.  First,  a  need  for 
improvement  is  realized  for  a  group  of  roadway  sections  or 
structures.  It  may  either  be  realized  through  field  obser- 
vation, citizen  complaints,  or  from  an  organized  study  which 
evaluates  the  condition,  service,  and  safety  levels  of  all 
roadways.  From  this  set  of  deficient  sections  or  struc- 
tures, alternative  projects  are  proposed  for  improvement 
After  evaluation  of  the  cost  and  other  impacts  involved  for 
each  project,  the  best  improvement  alternative  is  selected. 
Nextj  these  improvements  or  projects  ar?  classified  accord- 
ing to  the  highway's  functional  classification  or  type  of 
work  category  which  they  fall  under.  Then  each  project  is 
evaluated  with  respect  to  each  other  project  in  its  job 
category  From  this  evaluation  of  project  impacts,  the 
"best"  set  to  projects  is  selected  for  implementation  under 
the  given  budget  level 

Priority  setting  is  the  method  of  evaluating  each   pro- 
ject  with   respect   to   each   other   project   within  a  work 


DETERMINE  NEED 


GENERATE  IMPROVEMENT  ALTERNATIVES 


CHOOSE  BEST  ALTERNATIVE  FOR  EACH  LOCATION 


CLASSIFY  PROJECTS  BY  WORK  CATEGORY 


SET  PRIORITY  FOR  EACH  PROJECT    IN  EACH  WORK  CATEGORY 


DETERMINE  BUDGET  FOR  EACH  WORK  CATEGORY 


SELECT  GROUP  OF  PROJECTS  FOR  IMPLEMENTATION  IN  EACH 
WORK  CATEGORY 


I 


SCHEDULE  SELECTED  PROJECTS 


FIGURE  I.I 
THE  HIGHWAY  PROGRAMING  PROCESS 


.  3 teg org  Programming  is  the  matching  of  projects  with 
available  financial  resources  for  implementation  at  a 
specific  point  in  time  ( 97 ) 

Without  a  well  defined  technique  for  priority  setting, 
the  choice  of  projects  for  implementation  may  not  always  be 
uptimal<  nor  can  specific  reasons  always  be  given  for  selec- 
tion choices.  In  the  face  of  increasing  highway  construc- 
tion costs  and  an  increasing  backlog  of  improvement  pro- 
jects, greater  efficiency  in  selecting  projects  for  imple- 
mentation as  well  as  provision  for  the  defense  of  the  set  of 
projects  selected  for  implementation  mu-.t  be  established 

This  research  study  assumes  that  projects  have  already 
been  established  for  given  needs  It  also  assumes  that  the 
best  alternative  within  each  project  proposal  for  a  particu- 
lar location  has  already  been  chosen.  Under  these  assump- 
tions, a  priority  setting  technique  has  been  developed  that 
can  aid  in  the  choice  of  the  set  of  projects  for  implementa- 
tion within  a  given  work  category.  Having  been  sponsored  by 
the  Indiana  Department  of  Highways  (IDOH),  this  study  has 
been  developed  for  use  within  its  Planning  Division. 

Special  attention  has  been  given  to  make  this  priority 
setting  technique  simple  to  use  and  understand  by  both  high- 
way department  staff  and  the  layman  In  addition,  it  is 
flexible  for  use  within  different  project  categories,  and  it 
can  result  in  an  efficient  and  careful  use  of  existing  funds 
for  providing  highway  improvements. 


CHAPTER  2 
PRIORITY  SETTING  BACKGROUND  INFORMATION 

This  section  discusses  the  priority  setting  techniques 
that  have  previously  been  developed  and  used  in  the  context 
of  state  highway  improvements  programming  Then  specific 
techniques  used  by  a  number  of  state  highway  departments  are 
a  I s o  described. 

A  sufficiency  or  adequacy  rating  is  traditionally  an 
overall  numerical  procedure  that  produces  a  single  value  to 
represent  the  present  condition,  service,  and  safety  levels 
of  a  roadway  or  structure  as  compared  to  a  given  standard 
(97).  If  the  numerical  value  is  described  as  the  difference 
between  the  standard  and  the  existing  condition,  it  may  be 
called  a  deficiency  r  a  t  i  n  g . 

A  priority  rating  is  a  procedure  which  combines  all 
factors  deemed  important  into  a  numerical  value  for  use  in 
evaluating  or  comparing  different  projects. 

Sufficiency  ratings  evaluate  sections  of  roadway  or 
structures,  while  priority  ratings  compare  projects. 

Priority  setting  is  the  process  of  placing  a  group  of 
projects  in  rank  order  of  importance  for  implementation. 

There  are  several  approaches  that  can  be  used  in 
"evaluating  projects  that  have  a  variety  of  impact  types 
within  each  project.   The  most  common  approaches  attempt   to 


develop   goals   or  objectives  that   can  be  measured  and  they 
c,et  relative  priorities  for  each  of  the  goals  or  objectives 

These  miy  then  be  c ommensurat ed  to  obtain  a  single 
"super  numb"r"  which  describes  the  importance  or  utility  of 
a  given  project  The  super  number  which  the  traditional 
sufficiency  rating  uses  is  the  sum  of  the  individual  ratings 
for  each  impact  factor. 

SUFFICIENCY  RATINGS 

The  first  significant  priority  setting  method  was 
developed  for  the  Arizona  state  highway  system  in  1946.  It 
was  developed  to  determine  which  highway  sections  should  be 
reconstructed  for  a  predetermined  funding  level  It  con- 
sisted of  determining  twelve  measurable,  or  at  least  subjec- 
tively estimable,  factors  that  described  the  "sufficiency" 
of  a  highway  section.  Highway  personnel  would  drive  along  a 
stretch  of  highway  and  estimate  what  they  thought  was  the 
condition  of  the  roadway  for  twelve  elements.  These  factors 
were  separated  into  three  major  categories  of  approximately 
equal  weights;  structural  adequacy,  safety,  and  service. 
These  were  then  broken  down  into  3-5  elements  each  as  is 
i>h  awn  in  Table  2  1 

A  fraction  of  the  total  points  was  allocated  for  each 
road  characteristic  depending  upon  the  ability  of  roadway 
sections  to  meet  standard  performance  levels  Then  the 
individual  values  were  added  up  to  get  the  "basic  suffi- 
ciency rating"    These  ratings  were  adjusted  by  ADT  to   give 


Table  2.1 
Factor  Weights  for  Arizona's  Original  Sufficiency  Rating  System 


35  Structure 

17  observed  condition 

5  maintenance  economy 

13  remaining  life 


30  Safety 

8  road  width 

7  surface  width 

10  sight  distance 

5  consistency  of  alignment 


35  Service 

12  alignment 

8  passing  opportunity 

5  surface  width 

5  sway  in  cross  section 

5  surface  texture 


100  Total 


Source:  (70) 


the  final  priority  ratings.  This  was  don«  either  by  di/idmg 
the  basic  rating  by  ADT  or  by  subtracting  the  basic  rating 
Prom  100  and  multiplying  by  ADT. 

Each  section  was  then  placed  on  a  list  in  ascending 
sufficiency  and  ranked  The  sections  with  the  lowest  rat- 
ings were  chosen  far  improvement  until  the  overall  funding 
level  was  met  (70). 

Roadwag  Capac  itu  in  Suf f ic  lencq  Ratings 
In  1962  the  Indiana  State  Highway  Commission  (now  IDOH) 
used  an  expanded  sufficiency  rating  system  that  included 
the  factor  of  roadway  capacity  in  the  priority  rating  As  a 
result..  this  method  could  take  into  account  the  measure  of 
congestion  (v/c>  as  a  factor  in  determining  the  priority  for 
improvement  as  well  as  decreasing  the  relative  priorities  of 
both  safety  and  service  (52). 

Economic,  Environmental,  and  Traffic  Safety  Factors 
in  Suf f ic  iencq  Ratings 
In  1971   the   Arizona   highway   department   decided   to 
expand   their  original  sufficiency  rating  system.   They  pro- 
posed three  new  factors  in  addition  to  the   original   three; 
Environment,    Economic   Development,   and    Traffic   Safety 
(103).   By  1981,  the  relative  priorities  had   been   adjusted 
to  that  which  appears  in  Table  2.2. 

Objective  Measurements  in  Suf fie lencg  Ratings 
A  recent  proposal  for   sufficiency   ratings   for   South 
Dakota  includes  15  objective  measurements  and  only  four  sub- 
jective measurements.   These  would   then   be   combined   into 


8 

Table  2.2 
Factor  Weights  for  Arizona's  Sufficiency  Rating  System  in  1971 

50  Condition 

15  structure  and  remaining  life 

25  ride 

10  percent  cracking 

30         Safety 

15   accident  rate 
15   skid  resistance 

20         Service 

10   surface  width 

10   passing  sight  distance 

65  Economic 

40  direct  economic  benefits 

7.5  population 

15  environmental  impact  cost 

2.5  facility  cost 

25  Traffic  Safety 

4  substandard  items 

6  hazards 

3  operational  inconvenience 

12  accident  rate 

10  Environment 

(all  or  nothing  depending  on  expected 
delays  due  to  EIS) 


200  Total 
Source:  (103) 


five  major  Factors:  Cond  1 t  i  on  ( 407. ) .  Geometries  (20*/.). 
Traffic  (167.),  Maintenance  (167.),  and  Safety  (87.).  Measure- 
ments in  pavement  strength,  pavement  smoothness,  ADT, and 
pavement  friction  would  all  be  mechanically  measured  in 
addition  to  objectively  measured  data  for  roadway  width, 
shoulder  width,  surface  width,  gradient,  curvature,  sight 
distance,  surface  thickness,  truck  traffic,  v/c,  surface 
maintenance  cost,  and  accident  rate (90, 26) 

These  non-subjective  data  provide  unbiased  descriptions 
For  use  in  the  framework  of  the  sufficiency  rating  system 
which  is  much  improved  over  the  original  subjective  suffi- 
ciency rating  process. 

Priority  Programming  (PRIPRQ) 

A   computerized   procedure   that    determines    highway 
improvement   priorities   based   on   the   sufficiency   rating 
method  is  called  PRIPRO  (Priority  Programming).    It  can  also 
determine   priorities   using   cost-effectiveness   analysis. 
The  first  method  rates  projects  in  order  of  importance  using 
the   traditional   condition,  safety,  and  service  categories. 
A  second  method  uses  the  same  procedure   in   addition   to   a 
priority  adjustment  based  on  traffic  volumes  of  roads  (ADT). 
The  third  method  uses  cost-effectiveness   which  will  be  dis- 
cussed   later   in   this   report.     In  addition,    individual 
sufficiency  ratings  mag  be  identified  for  each  variable. 
Some  Prob lems  with  Suf f ic  iency  Ratings 

Sufficiency  rating  systems  do  not  take  into  account 
factors   such  as   costs   to   make   the   improvements.    "This 
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method  identifies  problems  in  existing  sections,  but  does 
not  identify  alternate  improvements,  optimal  solutions, 
timing,   or   budgetary   constraints"  (97). 

In   addition,  if   there  is   a   section   that    is   good 
overall,   but   has   one  localized,  very  critical  deficiency, 
the  composite  rating  mill  not   indicate   a   pressing    need. 
In   cases   like   these,   it   would  be   necessary   to  look  at 
each  element  separately,  rather  than  as   an   overall   rating 
that  takes  into  account  many  dissimilar  factors 

ENGINEERING  ECONOMICS 

When  values  are  expressed  in  terms  of  dollars,  they  may 
be  evaluated  using  engineering  economic  analysis.  By  assum- 
ing an  interest  rate,  the  values  of  costs  and  benefits  may 
be  expressed  at  different  points  in  time.  Therefore, 
engineering  economics  may  be  used  to  determine  when  trans- 
portation improvements  should  be  implemented. 

Two  methods  for  combining  costs  and  benefits  are  most 
frequently  used.  The  net  present  worth  is  the  summation  of 
all  benefits  minus  the  summation  of  all  costs.  The  B/C 
ratio  is  the  summation  of  all  benefits  divided  by  the  summa- 
tion of  all  costs  <65#1.B5). 

B/C  Ratio 

In  1963  a  study  was  done  in  San  Diego  to  develop  a 
priority  setting  formula  to  determine  which  street  improve- 
ment programs  should  be  done  in  urban   areas.    One   formula 
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that  was  tested  used  a  priority  index,  which  was  the  ratio 
of  (Project  Cost  /Vehicle  miles)  to  the  Project  Benefit 
Index.  The  Benefit  Index  was  very  similar  to  a  sufficiency 
rating,  which  was  the  sum  of  points  assigned  in  10  benefit 
categories.  This  index  was  not  used  because  it  used  too 
much  weight  for  subjective  measurements  However,  the  ratio 
of  benefits  to  costs  was  a  good  step  towards  a  useful  for- 
mula (40). 

In  1780,  the  California  DOT  used  different  priority 
setting  methods  for  different  job  categories.  Eight  of 
their  15  categories  used  the  traditional  B/C  analysis.  These 
categories  were  maintenance/  resurfacing,  reconstruction, 
restoration,  drainage,  safety,  traffic  operations  improve- 
ments and  new  construction  (20). 

One  problem  with  the  B/C  ratio  method  is  that  it 
does  not  consider  such  important  factors  as  social/  environ- 
mental, and  indirect  economic  impacts 

This  method  also  had  the  problem  that  some  projects 
could  have  had  very  large  benefits.  but  also  very  large 
costs  which  the  public  did  not  want  to  bear  As  a  result 
other  evaluation  methods  were  developed  which  took  into 
account  absolute  values  of  impacts  rather  than  relatives. 

COST- EFFECTIVENESS 

Unlike  engineering  economics,  the  cost— ef fee t iveness 
•approach  does  not  require  both  costs  and  benefits  to  be 
expressed  in  terms  of  dollars  Cost-effectiveness  is  the 
ratio   of  an  effectiveness   value  in  any   convenient  unit  of 
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measure  to  a  cost  in  dollars.  Therefore,  effectiveness  lev- 
els do  not  have  to  be  commensurated  into  dollars.  However, 
these  cost-effectiveness  measures  must  be  determined 
separately  for  each  type  of  impact  of  interest. 

Highway  Economic  Evaluation  Model  (HEEM) 
HEEI1  is  a  computer  package  developed  and   used   by   the 
Texas   state  highway  department  to  evaluate  highway  improve- 
ment programs  economically  as  well  as  to  determine  levels  of 
mobility     Individual   projects   are  evaluated  according  to 
effectiveness   measures   of    changes    in    travel    delay, 
accidents,   user   operating   costs,   and  highway  maintenance 
costs.   These  are  divided   by   costs   for   construction   and 
maintenance   of   the   project  to  produce  a  E/C  ratio  or  more 
precisely,  effectiveness  to  cost  ratio    It  also   determines 
the   changes  in  mobility  or  average  travel  speed  in  a  corri- 
dor for  the  system  For  each   combination   of   projects   pro- 
posed    Priorities  are  then  set  among  projects  according  to 
their  relative  B/C  ratios  for  programming  (49,32) 

As  mentioned  earlier,  PRIPRO  also  has  an  option  that 
can  determine  highway  improvement  priorities  dependent  upon 
cost-effectiveness  measures.  It  first  ranks  sections 
according  to  their  present  sufficiency  ratings.  Next  it 
measures  the  change  in  the  section  sufficiency  ratings  due 
to  the  improvement  as  well  as  numerical  ratings  for  social, 
environmental,  economic,  user  costs,  improvement  life,  and 
projected   ADT    These  are    then  compared  to  project  costs  to 
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determine  relative  cost-effectiveness  values  Finally  the 
improvements  are  ranked  according  to  their  cost-  effective- 
ness values  <  49) . 

Another  engineering  economics  technique  that  does  not 
require  the  estimation  of  an  interest  rate  in  advance  is  the 
internal  ra te-of-return  method  This  method  assumes  that 
the  summation  of  the  present  worth  of  benefits  equals  the 
summation  of  the  present  worth  of  costs  and  finds  the  cor- 
responding interest  rate  or  rates. 

INCREMENTAL  OR  MARGINAL  ANALYSIS 

Incremental  analysis  looks  at  the   change   in   benefits 

divided   by   the   change   in   costs  for  an  improvement    One 

study  using  a  method  very  similar  to  this  was  done   in   1971 

for  Pittsburgh  urban  street  improvement  programs.   A  formula 

was  used  for  incremental  benefits  that   was  also  weighted  to 

give   a   higher   priority  to  more  important  facilities    The 

priority  index  was  computed  as  follows: 

Priority  Index  =(R-R  )  *  W  /  C       (Eqn.2. 1) 

l    e 

R  =  Improved  Condition  Rating 

i 

R  =  Existing  Condition  Rating 
e 

W  =  Importance  Weight 

C  =  Incremental  Cost 

After  each   improvement   was   given   a   Priority   Index 

number,  they  were  ranked  in  order  of  Priority  Index  (95). 
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This  approach  is  good  for  mutually  exclusive  projects 
which  only  have  one  incremental  cost  involved  per  project. 
However,  this  technique  can  lead  to  suboptimal  improvement 
benefits  if  used  for  projects  having  more  than  one  invest- 
ment level.  One  may  to  yet  around  this  problem  is  explained 
by   Juster   and   Peck  no  Id   (54). 

Hi  qh  way  Investment  Analu  sis  Package  ( HIAP  ) 

HIAP  is  a  computer  package  developed  by  the  Federal 
Highway  Administration  (FHWA)  to  evaluate  highway  improve- 
ments using  incremental  analysis.  It  does  not  automatically 
come  up  with  an  optimal  package  of  improvements  which  should 
be  implemented.  Instead/  it  relies  on  the  user  successively 
inputting  groups  of  projects  to  be  evaluated.  For  each  new 
project  or  group  of  projects  entered.  a  new  evaluation 
number  is  generated.  The  evaluation  number  is  similar  to 
the  B/C  ratio.  It  is  the  ratio  of  an  evaluation  measure 
(EM)  to  cost.  The  EM  may  be  measured  in  either  road  user 
and  governmental  costs,  change  in  fatal  accident  rate, 
change  in  injury  accident  rate,  or  change  in  total  accident 
rate.  Each  new  project  is  added  until  the  overall  program- 
ming period  budget  is  met  (49) 

This  program  is  best  used  when  evaluating  a  number  of 
major  transportation  improvements.  When  comparing  minor 
projects  to  major  projects,  the  benefits  for  minor   projects 
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tend  to  be  minimal    This  package  15  also  large  and  complex, 
creating  a  need  for  large  time  investments  in  order   to   get 

it  running. 

WEIGHTED  FACTORS 
Another  common  technique  used  in  producing  priority 
indexes  involves  multiplying  a  breadth  of  impact  value  by  a 
severity  of  impact  variable  and  sometimes  dividing  this 
number  by  a  cost  value.  Overall  impacts  of  a  project  may  be 
described  as  the  sum  of  individual  factor  importance  weights 
times  individual  factor  impact  levels  This  method  produces 
a  commensurate  value  for  different  impacts  depending  on 
assigned  weights.  Sufficiency  ratings  are  actually  one  form 
of  this  rating  method  without  cost  factors  included. 
California  DOT '  s  Weighted  Factor  Method 

In  1980.  the  California  DOT  used  types  of  cost- 
effectiveness  measures  in  six  of  their  15  highway  improve- 
ment categories,  safety  roadside  rest  area  construction, 
safety  roadside  rest  at ea  restoration,  highway  planting, 
vista  points  and  roadside  enhancement,  noise  attenuation, 
and  new  bicycle  facilities  (20). 

An  example  is  the  cost-effectiveness  index   for   safety 
roadside  rest  areas: 

c-e  index  =  AADT  rating  *  C(wt  *  alternate  stops  rating) 

1 

+  <wt  *  climate  rating)   +   (wt  *  deficiency  reduction 
2  3 

rating)!  /  Project  cost  (Eqn.2.2) 
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ujt   +  tut    +  wt    =  100 
J       2       3 


(Eqn  2  3) 


Georq  ia  DOT 's  We i qh ted  Fac  tor  Method 
In  1973  the  Georgia  DOT  developed  -h       priority   analysis 

model.  This  method  was  set  up  similarly  to  a  sufficiency 
rating  system,  except  the  weights  for  each  factor  or 
evaluating  parameter  were  set  according  to  decision  makers' 
consensus  The  model  was  originally  calibrated  according  to 
the  Delphi  Technique.  The  evaluating  parameters  were:  need 
for  improvement,  physical  deficiency,  operational  defic- 
iency, safety  deficiency,  continuity  of  travel.  B/C  ratio, 
indirect  economic  aspects,  social  aspects,  and  environmental 
aspects  Each  evaluating  parameter  was  made  up  of  several 
component  parameters.  The  individual  component  weights  were 
different  for  each  type  of  improvement  An  evaluating 
parameter  rating  was  determined  by: 

Category  Rating=  Sum< comp onent  rating  *  component  weight) 
/  Sum  (component  weights)  (Eqn. 2. 4) 

Using  the  category  weights  given  by  the  decision 
makers,  the  overall  ratings  were  established. 

Overall  Priority  Rating  =  Sum(category  rating  *  category 
weight)  /  Sum  (category  weights)  (Eqn.  2.  5) 

After  three  years  of  data  gathering  and  use,  most  of 
the  improvement  categories  were  dropped  from  use  by  this 
method  (32). 
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Minnesota  PUT  '  g.  Comb  inat  ion  of  Me  iqhted  Fac  tors 
The  functional  category  of  resurfacing  and  recondition- 
ing  For   the   Minnesota  DOT   uses  a   weighted  sum   of  three 
different   priority   measures   for   their   priority   index 
The   priority    measures   and    weights    are   as    follow  - 
condition    rating    (707.).    cost-effectiveness   (207.),  and 
functional  class  (107.)  .  The  composite  index  for  reconstruc- 
tion and  major  new  construction  work  categories  is  comprised 
of   sufficiency  rating  (357.),  cost-effectiveness  (207.),  goods 
movement  (207.),   peak-month   traffic   (57.),   and   functional 
class  (207.)    These  ratings  and  others  were  used  in  develop- 
ing Minnesota's  1982-1987  highway  improvement  program  (49) 

A  priority  index   suggested   by  a   study  done   for   the 
California  DOT  was  as  Follows  (20): 

.  5 
Priority   Index  =  (delay   index  rating)   +  safety   index 

rating  +  community  impact  index  rating  (Eqn.2  6) 

Transportation  Resource  Allocation  Sustem  (TRANS) 
TRANS  is  a  computerized  model  which  determines  relative 
priorities  of  transportation  improvements  on  the  basis  of 
weighted  factors  It  sums  the  products  of  individual  objec- 
tive weights  times  effectiveness  measures  to  find  the 
priority  of  an  individual  project  and  attempts  to  maximize 
the  benefits  for  a  given  budget  level.  The  effectiveness 
measures  are  for  user  benefits,  economic  development,  and 
environmental   factors.    Shortcomings  of  this  procedure  are 
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that  programming  is  not  allowed  for  greater  than  one  period- 
and  specific  weights  must  be  determined  for  each  objective 
to  get  a  composite  rating  for  each  project 

Baerwal d ' s  Pr  ior i  tg  Rat  inq  Technique 
In  1956  Baerwald  suggested  an  improvement  over  the 
traditional  sufficiency  rating  system.  He  let  the  roadway 
service,  structure,  and  safety  ratings  be  called  a  road  rat- 
ing that  measured  the  physical  condition  of  the  highway 
section  In  addition,  he  included  elements  of  traffic 
volume,  traffic  composition,  adjacent  land  use  and  com- 
munity service  as  a  community  service  rating.   The   priority 

rating  was  then  expressed  as: 

P 
Priority  Rating  -  K  *  (Service  Rating)  *  log  (100  /  Road 

Rating )  (Eqn. 2  7) 

The  values  of  K  and  p  were  experimentally  found  to  be 
2.5  and  1.25,  respectively,  for  Allen  County,  IN  in  1956 

While  the  original  sufficiency  rating  method  raised  or 
lowered  the  basic  rating  depending  upon  the  traffic  volume 
after  the  physical  value  had  been  estimated,  Baerwald's 
method  combined  the  physical  rating  plus  the  road  usage  fac- 
tor into  a  single  value  simultaneously  This  method 
included  more  information  in  determining  the  priority  rat- 
ing, however,  the  complex  mathematical  procedure  may  be 
confusing  to  the  typical  decision  maker  (2). 

MATHEMATICAL  OPTIMIZATION  TECHNIQUES 
Linear  programming,   integer  programming,   dynamic   pro- 
gramming ,   and    goal   programming    are   all   mathematical 
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techniques  which  may  be  used  to  optimize  an  objective  or  set 
of  objectives  within  certain  quantifiable  constraints  The 
complexity  of  these  methods  usually  requires  the  use  of 
sophisticated  computer  packages  Again,  the  problem  appears 
in  that  relative  priorities  must  be  established  between 
objectives  to  obtain  a  single  best  alternative  or  set  of 
projects  which  should  be  implemented.  It  is  also  possible 
to  obtain  a  set  of  trade-off  curves  between  each  pair  of 
objectives  using  these  programming  techniques.  However, 
this  becomes  increasingly  complex  and  difficult  when  compar- 
ing a  large  number  of  impact  types. 

Linear  Programming 

Linear  programming  is  a  mathematical  method  which 
optimizes  a  certain  value  within  a  group  of  linear  con- 
straints. In  this  process,  a  group  of  equations  are 
expressed  which  represent  constraints,  such  as  funding  and 
manpower  levels  and  a  formula  for  the  computation  of  bene- 
fits. The  algorithm  then  determines  the  set  of  improvements 
which  give  the  maximum  level  of  benefits  that  can  be 
obtained.  An  alternate  method  could  find  the  package  of 
improvements  which  would  minimize  cost  or  optimize  any  other 
quantity  that  can  be  expressed  as  a  linear  function  (87). 

One  such  technique  was  developed  for  the   Chicago   Area 
Transportation   Study   by   Northwestern   University  in  1962 
This  model  minimized  the  user  and  construction  costs   for   a 
variety  of  highway  improvements  (44). 
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In  addition,  methods  have  been  developed  which  will  look 
at   trade-offs   between   optimization  of  more  than  one  vari- 
able.  These   programs   then   provide   solutions   which   are 
intermediate  between  solutions  for  any  one  objective  (74) 
Pr  ior i ty  Programming  System  ( PPS) 

PPS  is  a  computer  package  that  was  developed  by  the 
Ontario  Ministry  of  Transportation  and  Communications.  This 
package  uses  linear  programming  to  determine  the  best  timing 
for  a  large  number  of  major  transportation  improvements  over 
a  period  of  time  using  engineering  economic  analysis  (84). 
It  can  also  determine  the  overall  consequences  of  changing 
project  timingi  costs,  and  value  assumptions  (which  were 
used  in  commensurat ion )  (49). 

First  it  calculates  user  benefits  due  to  transportation 
improvements  based  on  the  change  in  travel  time,  operating 
costs,  and  accident  rates.  It  then  calculates  the  present 
value  of  all  benefits  and  costs  for  each  possible  year  in 
which  the  improvement  could  be  implemented.  Then  the  linear 
programming  algorithm  selects  and  schedules  the  set  of 
improvements  that  will  maximize  the  total  benefits  to  high- 
way users  within  the  given  budget  constraints. 

Benefits  may  either  be  defined  as  change  in  travel 
time,  change  in  vehicle  operating  cost,  change  in  accident 
rate,  the  summation  of  change  in  travel  time,  change  in 
vehicle  operating  cost,  and  change  in  accident  rate,  or  by 
the  traditional  B/C  ratio. 
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In  1978  this  package  was  tested  using  26  highway 
improvement  projects  in  Maryland.  Due  to  the  complexity  of 
this  package,  much  time  and  money  was  needed  to  implement 
the  computer  package.  It  also  requires  an  extensive  data 
base,  some  of  which  requires  periodic  updating.  The  com- 
plexity of  the  assumptions  required  to  make  this  program  run 
make  the  results  difficult  for  decision  makers  to  fully 
comprehend  (4,5). 

Integer  Programming 
Integer  programming  is  really  just  an  extension  of 
linear  programming  in  which  certain  constraints  are  limited 
to  integer  values.  While  this  method  will  usually  result  in 
less  overall  benefits  realized  in  the  optimization  problem, 
it  will  also  result  in  more  realistic  variable  values.  For 
example,  it  may  not  be  feasible  to  do  a  fraction  of  a  pro- 
ject in  a  given  budgeting  period.  One  example  application 
of  an  integer  programming  technique  as  applied  to  transpor- 
tation improvements  was  developed  by  Mahoney  to  determine 
optimal  pavement  management  strategies  (61). 

Goal  Programming 
Goal  programming  is  another  linear  programming  tech- 
nique that  optimizes  a  number  of  objectives  by  minimizing 
deviations  from  targets  in  each  category  (88).  Goal  pro- 
gramming may  also  be  used  to  generate  trade-off  curves 
between  different  objectives.  This  technique  is  especially 
good  when  measurements  of  different  goals  having  different 
weights  of  importance  cannot   be  expressed  in  similar   terms 
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or  units.  Therefore,  this  method  would  be  usable  with 
e ost-ef f ec t iveness  measures  rather  than  measures  in  dollars 
only  ( 66 ) . 

A  study  of  Indiana  highway  improvement  programs  was 
done  using  this  technique  at  Purdue  University  in  1981.  It 
was  able  to  describe  trade-offs  between  various  program 
objectives/  highway  classes/  and  activity  types  as  well  as 
to  analyze  the  effects  of  policy  decisions  by  administrators 
<  62 ) . 

Dunamic  Programming 

Dynamic  programming  is  similar  to  linear  programming  in 
that  an  objective  function  and  constraints  are  developed 
which  are  complex  enough  to  require  the  use  of  a  computer. 
However/  with  dynamic  programming/  the  constraints  do  not 
have  to  be  linear.  The  constraints  must  be  separable  and 
involve  the  use  of  one  or  more  recursive  relationships  to 
make  it  dynamic.  As  a  result,  this  method  is  useful  when 
considering  relationships  which  change  over  time. 

Several  procedures  have  been  developed  in  the  area  of 
highway  improvements  programming  to  produce  optimal  staging 
of  projects.  However  these  applications  have  been  used  sub- 
sequently to  priority  setting  to  determine  the  best  staging 
of  the  most  important  improvements  (21,39/53/76). 

OTHER  POSSIBLE  TECHNIQUES 
Fuz z u  Sets 

Fuzzy  sets  is  a  technique  that  may  be  used  to  evaluate 
parameters   that   cannot   be   evaluated  precisely  or  are    not 
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easily  quantifiable.  This  method  uses  membership  of  factor 
levels  which  may  be  established  through  a  poll  of  educated 
persons  in  the  subject  of  interest  (16,106)  The  specific 
techniques  used  in  evaluating  fuzzy  sets  are  very  similar  to 
those  used  in  typical  statistics.  Since  many  of  the  impact 
measurements  used  in  project  priority  setting  are  subject- 
ive, the  fuzzy  sets  approach  may  have  application  in  com- 
bining the  impact  information  for  use  in  decision  making 

Delphi  Technique 

The  Delphi  technique  is  used  to  generate  subjective 
data  through  group  consensus.  A  team  of  interviewers  poll  a 
group  of  knowledg eab le  persons  through  which  they  design 
sets  of  questionnaires  to  obtain  a  central  opinion  of  the 
persons  questioned.  This  method  has  the  disadvantage  of 
being  subjective  and  also  dependent  upon  the  input  of  the 
questionnaire  formers  (22).  This  technique  was  used  in 
developing  the  category  weights  according  to  decision  makers 
as  described  in  Georgia  DOT '  s  Weighted  Factor  Method  on 
p.  16. 

Game  Ana  lysis 

Another  possible  evaluation  method  is  "game  analysis". 
In  this  method  a  set  of  carefully  designed  rules  are 
developed  within  which  participants  assume  various  roles 
within  the  operational  structure.  For  example,  the  struc- 
ture may  be  designed  to  simulate  the  operations  of  a  trans- 
portation  segment   of   a  region.   This   method  is  also  very 
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subjective  and  is  useful  mainly   in   generating   alternative 
scenarios   which   alternative   policy   decisions  may  produce 

(22) 

PRIORITY  SETTING  TECHNIQUES  EMPLOYED  BY  STATE 
Vermont/  I_owa,  Mary  land,  and  Kentuc  kg 

As  of  1978  these  states  still  used  the  sufficiency  rat- 
ing system  The  Vermont  Agency  of  Transportation  evaluated 
highway  projects  according  to  sufficiency  rating,  economic 
development  potential,  adequacy  of  engineering  and  capacity 
standards,  continuity,  proximity  to  major  highways,  accident 
rate,  and  equity.  The  priority  setting  by  the  planning 
division  is  relatively  subjective  within  these  objectives 
<  49 ) . 

South  Dakota  and  Ar  i  zona 

South  Dakota  uses  a  sufficiency  rating  system  that 
uses  more  objective  data  (See  Objective  Measurements  in  Suf- 
ficiency Ratings,  p.  7).  Arizona  has  a  new  sufficiency 
rating  system  that  includes  economic,  environmental,  and 
traffic  safety  priorities  (see  Economic.  Environmental,  and 
Traffic  Safety  Factors  in  Sufficiency  Ratings,  p. 7). 

Cal i  f orn  ia 

The  California  DOT  uses  cost-effectiveness  indexes 
within  various  improvement  categories  to  generate  priorities 
as  discussed  in  California  DOT's  Weighted  Factor  Method  on 
p.  15. 
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Te  xas 

In  Texas  individual  districts  develop  their  oun  highway 
improvement  projects.  These  are  then  sent  to  the  state 
office  where  they  are  evaluated  using  HEEM  This  program 
determines  if  the  scope  of  each  project  would  be  more  cost- 
effective  at  a  different  level  These  proposed  projects 
then  have  their  priorities  set  over  the  whole  state  to  pro- 
vide the  most  cost-  effective  set  of  projects  for  program- 
ming ( 49 ) . 

Georq  ia 

The  Georgia  DOT  uses  a  weighted  sum  of  impact  measures 
to  define  its  project  priorities  as  may  be  seen  in  Georgia 
DOT's  Weighted  Factor  Method  on  p.  16. 

Minnesota 

The  Minnesota  DOT  uses  a  weighted  sum  of  priority 
indexes  to  develop  its  project  priorities.  This  has  been 
shown  in  Minnesota  DOT '  s  Combination  of  Weighted  Factors  on 
p.  17. 

Idaho 

The  Idaho  state  highway  department  lias  recently  updated 
their  highway  improvement  programming  system.  From  tradi- 
tional roadway  sufficiency  data/  they  use  a  computer  pack- 
age. HWYNEEDS.  to  propose  possible  road  improvements.  With 
these  data»  in  addition  to  their  own  Pavement  Management 
System  improvement  recommendations,  they  use  HIAF  to  choose 
the  best  programs  to  implement  for  their  given  budget  levels 
(26). 
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Illinois 

Illinois'  programming  approach  has  two  major 
categories:  1 —  capital  and  operating  projects  and  2 
projects  that  represent  critical  needs  Priorities  for 
capital  and  operating  projects  were  developed  subjectively 
by  state  and  local  officials  within  a  set  of  written  objec- 
tives. Priorities  for  critical  projects  were  established  by 
public  opinion  in  addition  to  highway  officials'  opinions 
( 99 ) . 

Hash  inq ton 

The  Washington  state  highway  improvement  programming 
method  has  three  major  categories;  non-interstate  improve- 
ments to  existing  standards.  interstate  improvements,  and 
non— interstate  major  improvements  to  improved  standards 
Meetings  are  held  that  voice  MPOs',  local  officials', 
interest  groups',  Washington  DOT  administration's,  and 
advisory  committee's  views  to  establish  which  projects 
should  be  included  in  the  new  two  year  transportation 
program.  Then  priorities  are  subjectively  determined  within 
each  category  (49). 

Florida 

In  Florida  funds  are  distributed  to  each  district  by 
formulas  depending  upon  population,  road  mileage,  estimated 
motor  fuel  sales,  and  road  "needs".  It  is  then  up  to  dis- 
trict officials  to  determine  the  priorities  for  projects 
within  each  of  25  program  categories  (32,49). 


2.7 

Wisconsin 

WisDOT  has  four  major  program  categories,  state  trunk 
highway  and  RRR  programs/  major  projects,  bridges,  and 
interstate  programs.  Each  category  uses  different  criteria 
to  develop  priorities  In  addition/  the  state  uses  three 
possible  funding  levels  in  which  to  develop  groups  of  pro- 
jects to  be  funded.  In  the  RRR  category  district  offices 
are  able  to  subjectively  determine  their  own  priorities 
using  a  list  of  criteria  supplied  by  the  state  and  PSI  rat- 
ings. The  state  office  determines  bridge  improvement  prior- 
ities from  bridge  sufficiency  rating  formulas  in  addition  to 
various  other  criteria.  Interstate  priorities  are  developed 
using  cost  estimates.  Finally  major  projects  are  evaluated 
using  HIAP  and  deficiency  rating  data.  The  relative  priori- 
ties are  then  subjectively  chosen  taking  HIAP  data,  defi- 
ciency rating  data/  and  non-quantifiable  information  into 
account.  The  set  of  projects  within  each  funding  level  is 
then  sent  to  the  state  legislature  where  they  are  then 
approved  for  implementation  at  their  desired  funding  levels 
(49,  99). 

SUMMARY 

There  are  several  concepts  which  have  been  used  to 
determine  transportation  improvement  priorities.  The  earli- 
est method  was  the  sufficiency  rating  system.  This  tech- 
nique subjectively  analyzed  the  physical  condition  of  the 
roadway  and  used  these  values  in  addition  to  traffic  volume 
to  produce  a  priority  rating  value. 
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Since  sufficiency  ratings  only  included  impacts  of 
highway  improvements  on  road  users,  later  methods  were 
expanded  to  include  measurements  of  costs<  traffic  volume, 
and  capacity  Even  later,  these  impacts  were  expanded  to 
include  social,  economic,  and  environmental  impacts  related 
to  highway  improvements.  Over  time,  the  original  subjective 
measurements  have  been  improved  to  include  more  objective 
condition  measurements. 

Priority  indexes  vary  widely,  but  most  compare  the  lev- 
els of  benefits  of  an  improvement  to  the  costs  associated 
with  it.  The  most  widely  used  has  been  the  B/C  ratio  This 
method  requires  all  benefits  and  costs  to  be  c ommensurated 
into  the  same  units. 

When  costs  and  benefits  are  commensurated  into  monetary 
terms,  they  can  be  evaluated  using  engineering  economic 
analysis  to  find  either  the  B/C  ratio,  net  present  worth,  or 
the  internal  rate-of-return.  While  B/C  ratios  only  measure 
relative  impacts,  present  worth  values  can  indicate  absolute 
values  at  a  given  point  in  time.  However,  it  requires  the 
value  of  all  impacts  to  be  expressed  in  dollar  values.  As  a 
result,  noncommensurab le  impacts  may  not  be  evaluated.  How- 
ever, a  series  of  B/C  ratios  in  the  form  of  cost-effective- 
ness values  may  be  evaluated  for  none ommensurab le  impacts. 
HEEM  analyzes  improvement  impacts  in  this  manner. 

Marginal  analysis  is  similar  to  B/C  indexes,  except  it 
looks   at   changes   in  benefits  divided  by  changes  in  costs. 
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It  has  advantages   and   disadvantages   similar   to   the   B/C 
ratio    HIAP  uses  this  approach. 

One  impact  index  commonly  used  is  a  severity  of  impact 
value  multiplied  by  a  breadth  of  impact  value  divided  by  a 
cost  value  Another  index  uses  the  sum  of  impact  values 
times  impact  importance  factors  for  different  impacts  to 
arrive  at   an   overall   priority   level     TRANS   uses   this 

approach. 

Mathematical  programming  techniques  provide  useful 
tools  in  optimizing  "objective"  values  within  a  set  of  con- 
straints. However,  these  procedures  require  computational 
sophistication  that  may  not  be  desirable  in  many  highway 
agencies  PPS  is  one  such  package  that  uses  linear  pro- 
gramming. 
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CHAPTER  3 
INDIANA  DEPARTMENT  OF  HIGHWAYS  PROJECT  CLASSIFICATION 

The  Highway  Improvement  Program  (HIP)  of  the  I DOH  has 
three  major  improvement  categories;  capital/  operational, 
and  maintenance  These  are  subdivided  into  new  facilities, 
improved  facilities.  and  facility  preservation.  However. 
the  distribution  of  work  categories  within  these  subareas  is 
not  exact.  Whether  a  job  category  is  preservation  or 
improvement  depends  upon  whether  the  design  of  the  project 
meets  the  original  standards  or  improved  standards  An 
improvement  to  a  structure  to  original  standards  is  gen- 
erally preservation.  rather  than  an  improvement.  The  dis- 
tinction between  new  facilities  and  improvements  is  less 
precisely  defined.  A  project  which  is  in  itself  a  new 
facility  may  be  an  improvement  to  a  larger  existing  facil- 
ity. One  example  would  be  the  construction  of  a  rest  area 
on  a  highway  The  distribution  of  work  categories  within 
these  overall  groupings  is  shown  in  Table  3. 1. 

Capital  improvements  may  be  either  new.  improvement,  or 
preservation.  Operational  improvements  may  either  be 
improvement  or  preservation.  Maintenance  is  always  preser- 
vation. 
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CLASSIFICATION  BY  FEDERAL-AID  SYSTEM 
While  IDOH  work  categories  are  determined  by  the  nature 
and  extensiveneas  of  work  performed,  they  are  also  affected 
by  the  type  of  Federal  funding  available  for  each  improve- 
ment. As  a  result,  work  categories  may  be  functionally  the 
same,  but  have  different  funding  types 

For  Federal  funding  purposes,  all  roads   are   separated 
by   functional  classification  into  roughly  three  categories; 
local  roads,  collectors,  and  arterials.    Local   roads   have 
low  operating  speeds  and  basically  serve  adjacent  land  uses 
Arterials  are  mainly  used  for  long  distance  travel   at   high 
speeds   between  different  regions.   Collectors  collect  local 
traffic  and  connect  them  to   arterials.    They   have   travel 
speeds   intermediate  between  arterials  and  local  roads.   The 
majority  of  miles  of  roads  in  the  United   States   are   local 
roads,   while   the  majority  of  vehicle-miles  travelled  is  on 
arterials.   Consequently,  Federal  aid  is   targeted   at   high 
volume  roads  -such  as  arterials  and  major  collectors. 

The  Federal-Aid  System  is  the  result  of  a  collection  of 
legislation  by  the  Federal  government  which  helps  finance 
road  improvement  costs  through  Federal  road  user  taxes. 
There  are  three  major  types  of  programs  within  the  Federal- 
Aid  System;  System  Programs,  National  Purpose  Programs,  and 
Special  Programs.  The  System  Programs  comprise  the  majority 
of  funding.  These  are  the  Interstate,  Primary,  Secondary, 
and  Urban  Programs  (see  Table  3.2).  Rural  arterials  and 
their  extensions  through  urban  areas   make   up   the   Primary 
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System.  Major  rural  collectors  compose  the  Secondary  Sys- 
tem. Urban  collectors  and  urban  arterials  not  in  the 
Primary  System  compose  the  Urban  System.  The  Interstate 
System  consists  of  a  special  network  of  arterials  within  the 
F'rimary  System. 

From  Table  3.2  it  can  be  seen  that  67.  of  Indiana's 
highway  system  is  in  rural  arterials/  and  most  of  the  rural 
arterial  mileage  is  in  the  Federal-Aid  System  About  227.  of 
the  state  system  is  in  rural  collectors  of  which  half  are 
Federally  funded.  Finally,  537.  of  Indiana's  roadways  is  in 
local  rural  roads  of  which  none  are  federally  funded. 

About  47.  of  the  highway  system  in  Indiana   consists   of 
urban   arterials   of   which  almost  all  are  Federally  funded. 
Urban  collectors  comprise  27.  of  the  highways  of   which   most 
are       Federally   funded.   Again  137.  of  the  roadways  are  urban 
local   roads   of   which   none   receive   Federal   assistance. 
Although  21.  57.  of  the  roads  in  Indiana  are    Federally  funded, 
approximately  867.  of  the  vehicle-miles  travelled  are  on   the 
Federal-Aid  highways  (51). 

The  distinction  must  be  made  between  highways  in  the 
State  of  Indiana  and  highways  on  the  IDOH  state  system.  The 
Former  consists  of  all  roads  in  Indiana,  while  the  latter  is 
the  set  of  highways  maintained  by  the  IDOH. 

Presently  all  of  the  mileage  in  the  Primary  System 
< 5027  mi)  and  the  Interstate  System  (1115  mi)  are  on  the 
IDOH  state  system.  Fifty  percent  (4466  mi)  of  the  Federal- 
Aid  Secondary  System  are  IDOH  highways    Eleven  percent  (523 
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mi)  of  the  Urban  Federal -Aid  System  are  on  the  IDOH  state 
system  Finally.  approximately  0. 22  of  non-Federal-Aid 
highways  in  Indiana  (108  mi)  are  on  the  IDOH  system 

Projects  within  the  Interstate  System  generally  receive 
907.   Federal   Funds  with  107.  state  matching  funds.   However, 
the  Federal  funds  may  only  be  used  for  specific  sections   of 
new  Interstate  construction.    Interstate  4R  (Reconstruction, 
Rehabilitation,  Restoration,  and   Resurfacing)   improvements 
may   receive   90/10  matching  funds.   Primary,  Secondary,  and 
Urban  funds  all  receive  75/25  matching  of  funds     Over   the 
United   States   approximately   187.  of  Federal  Aid  funds  were 
spent  in  the  Primary  Program,  67.  in  the   Secondary   Program, 
and   87.   in  the  Urban  Program  in  1979.   Within  each  program, 
funds  may  either  be  spent  for  new  construction  of   roads   or 
4R     Recent   legislation   requires  that  at  least  407.  of  the 
funding  be  spent  on  4R. 

Two  of  the  programs  within  the  National  Purpose  Program 
are  of  major  interest  to  state  highway  improvement  program- 
ming Ihese  are  the  Bridge  Replacement  and  Rehabilitation 
Program  and  the  Highway  Safety  Program  Funds  are  available 
for  bridges  whether  they  are  on  Federal-Aid  systems  or  not. 
They  may  receive  80/20  matching  funds.  The  Highway  Safety 
Program  is  comprised  of  two  major  programs;  Hazard  Elimina- 
tion and  Rail-Highway  Crossings.  These  both  receive  match- 
ing funds  of  l?0/10. 
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Programs  within  the  Special  Purpose  Program  provide 
funds  for  special  highway  related  projects  in  specific  loca- 
tions (24). 

WORK  CATEGORY  CLASSIFICATIONS 
A  variety  op  terminology  exists  for  highway  improvement 
projects     The   following   is   a   list  which  describes  more 
specifically  the  nature  of  each  work  category  in  the  IDOH 

New  Cap  i  ta  1  Pro.iec  ts 
Road  Construction — purchase  of  ROW,  earthwork  and   pav- 
ing of  a  new  road,  relocated  road,  or  a  bypass. 

Bridge  Cons  true t i on  —  construction  of  a  new  bridge 
within  a  road  construction  project  or  grade  separation  pro- 
ject. 

Interchanges  ---  construction  of  a  new  interchange  to 
improve  an  existing  roadway. 

Grade  Separations — the  separation  of  an  existing  high- 
way from  an  at— grade  road  or  railroad  crossing. 

Mew  Completion  of  Interstate — road  construction,  inter- 
changes, and  grade  separations  built  to  interstate  standards 
to  complete  the  interstate  system. 

Rest  Area  Construction — the  construction  of  a  new  rest 
area  along  an  existing  roadway  including  ramps,  parking, 
buildings,  sewage  treatment,  landscaping,  lighting,  and 
signing. 

Weigh  Station  Construction — the  construction  of  a  new 
weigh  station  along  an  existing  roadway  including  all 
inc  i dentals. 
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Other  activities  in  this  category  may  include  road 
grading.  road  paving,  park  roads  construction,  cooperative 
recreational  highway  projects,  and  building  and  grounds  pro- 
jects. 

Capital  Improvements 

Added  Travel  Lanes — the  construction  of  additional 
lanes  onto  existing  highways. 

Rest  Area  Modifications — construction  which  upgrades 
existing  rest  areas  including  ramps,  parking,  buildings, 
sewage  treatment,  landscaping,  lighting,  and  signing. 

Weigh   Station    Modifications  —  construction    which 
upgrades  existing  weigh  stations. 

Rest  area  construction  and  weigh  station  construction 
may  also  be  thought  of  as  capital  improvements  to  a  roadway, 
rather  than  new  construction. 

Cap  i tal  Preservation  Pro  iec  ts 

Road  Replacement — the  replacement  of  sub-base,  base, 
pavement,  shoulders,  small  structures,  and  guard  rail  on 
approximately  the  original  roadway  alignment. 

Bridge  Replacement- — the  replacement  of  a  bridge  struc- 
ture and  necessary  approaches  in  the  original  location. 

Operat  ional  Improvements 

Road  Rehabilitation  or   Road  Reconstruction  --  improve- 
ments  on   the   same   alignment   of   an   existing   road   to 
improve  the  surface,  shoulders  and  drainage.    It  may  include 
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•^  d  d  e  d  turning  lanes,  shoulder  replacement,  slope/ditch 
reworking,  guard  rail  construction,  fence  construction, 
signing,  signalization,  and  lighting. 

Access  Control — the  addition  of  access  control  to  an 
existing  road  to  improve  the  roadway  It  may  include  the 
addition  of  fencing. 

Intersection  Improvements — the  improvement  of  an  exist- 
ing intersection.    It  may  include  added  turning  lanes,  chan- 
nelization,  signal   modernization,   signing    improvements, 
shoulder  improvements,  traffic  markings,  grading,  paving,  or 
drainage  improvements. 

Non- Inter  state  Safety  Improvements  —  safety  improvements 
along   a   relatively   long   section   of   highway.   These  may 
include  modernization  of   signs,   guard   rail   installation, 
culvert   headiuall   removal,  gore  treatments,  impact  attenua- 
tors, and  glare  treatment. 

Interstate  Safety  Improvements — safety  improvements 
such  as  new  or  modernized  signing  or  lighting  on  an  inter- 
state highway. 

Sight  Distance  Corrections — the  correction  of  a  sight 
distance  visibility  restriction,  such  as  the  grading  of  a 
hill  on  a  road  section. 

Railroad  Grade  Crossing  Improvements — improvements  to 
approach  road may,  crossing,  or  protection  devices  at  a  rail- 
road crossing 

Signalization  (New  or  Modified) — the  installation  of 
i.ew  or  modernization  of  existing  traffic  signals. 
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Signing  (New  or  Modified) — the  installation  of  new  or 
modernization  of  existing  ground-mounted  or  overhead  signs 
on  non-interstate  highways.  This  mag  include  lighting  of 
5  i  g  n  s 

Lighting  (New  or  Modified) — the  installation  of  new  or 
modernization  of  existing  lights  to  illuminate  non- 
interstate  roadway. 

Drainage  Problem  Corrections — the  remedy  of  drainage 
problems  by  changing  channels/  rip-rap,   inlets,  and  pipes 

Small  Structure  Replacements — the  replacement  of  pipes 
or  drainage  structures  less  than  20  feet  in  length  to 
improve  a  roadway. 

Landscap  ing— -p  lant  ing  of  trees,  shrubs,  and  vines.  It 
may  also  include  minor  seeding  and  sodding. 

Other  activities  may  include  fencing  and  junk  yard  con- 
trol Park  roads  construction/  cooperative  recreational 
highway  projects,  and  building  and  grounds  projects  may  be 
thought  of  as  operational  improvements  rather  than  new  con- 
struction Weigh  station  modifications  and  rest  area  modif- 
ications may  be  thought  of  as  operational  improvements 
rather  than  capital  improvements. 

Qperat iona 1  Preservation  Protects 

Nun-Interstate  and   Interstate   Resurfacing — these   may 
include  patching,  smoothing,  reshaping,  and  wedging  and  lev- 
eling of  an  existing  surface  before  the  placement  of   a   new 
surface   in  addition  to  the  placement  of  an  asphalt  surface 
Reshaping  of  the  road  shoulders  may  also  be  included. 
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Bridge  Rehabilitation  or  Bridge  Reconstruction — either 
the  reconstruction,  widening,  or  replacement  of  a  component 
part  or  repair  of  damaged  or  worn  parts  of  an  existing 
bridge. 

Erosion  and  Slide  Control  —  slide  control  involves  ROW 
acquisition  and  embankment  correction  Erosion  control 
involves  seeding,  sodding.  mulching,  or  drainage  changes, 
necessary  after  the  completion  of  a  highway  project 

Road  reconstruction  may  be  considered  to  be  preserva- 
tion rather  than  improvements  depending  upon  the  degree  and 
type  of  improvements.  Small  structure  replacements  and 
railroad  grade  crossing  improvements  may  be  considered 
preservation  rather  than  improvement. 

Maintenance  ( Preservation)  Ac t ivi  ties 

Roadway  and  Shoulder  Maintenance — these  may  include 
patching.  seal  coating,  wedging  and  leveling,  crack  repair, 
blading,  and  clipping  roads  and  shoulders. 

Roadside  Maintenance — mowing.  clipping,  herbicide 
treatment,  tree  trimming  or  removal,  and  ROW  fence  repair. 

Drainage  Maintenance — ditch  reshaping  and  cleaning, 
minor  drainage  structure  replacement  or  cleaning,  and  small 
pipe  replacement 

Bridge  Maintenance — cleaning,  painting,  deck   patching, 
deck   sealing,   and   repair   of   bridges   costing   less  than 
*100, 000 

Traffic  Control — sign  maintenance  and  replacement, 
traffic   signal   maintenance    and   replacement  ,   lighting 
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maintenance  'ind  replacement,  guard  rail  maintenance  and  re- 
placement/ and  painting  center  lines,  edge  lines,  letters, 
or  symbols  on  pavement. 

Winter  Emergency  — stockpiling  sand  and  salt  in  addition 
to  snow  and  ice  removal. 

Public  Service — roadside  park,  rest  area,  and  weigh 
station  maintenance  in  addition  to  roadway  cleaning  and 
litter  pick-up. 

Support  Activities — repair  and  maintenance  of  equip- 
ment, traffic  shop  operations,  building  and  grounds  mainte- 
nance, and  detour  signing. 

Special  Maintenance — minor  spot  improvements  to  road 
surface,  shoulders,  roadside,  drainage,  bridges,  traffic, 
buildings,  and  grounds. 

Other  activities  include  field  supervision  and  train- 
ing. 

PAST  AND  PROPOSED  EXPENDITURES  BY  UORK  CATEGORY  FDR  IDQH 

Table  3  3  shows  the  amount  of  money  spent  by  IDOH  for 
highway  improvement  projects  for  the  years  1980  to  1982,  not 
including  maintenance  activities.  The  majority  of  funds 
have  been  spent  in  bridge  reconstruction!  rural  secondary 
resurfacing,  bridge  replacement,  interstate  3R  (restoration, 
rehabilitation*  and  repaying),  and  road  reconstruction.  In 
1980  these  categories  represented  512"/.  of  the  highway 
improvements  budget,  excluding  maintenance.  They 
represented  79.97.  of  the  budget  in  1981,  and  82.67.  in  1982. 
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Table  3.3 
1D0H  Highway  Improvement  Funding  by  Work  Category  for  1980  to  1982 


1980 

1981 

1982 

Work  Category 

No. 

103  $ 

Z 

No. 

103  S 

Z 

No. 

103  $ 

Z 

Road  Relocation 

2 

6,453 

4.2 

1 

4,719 

3.5 

0 

Road  Construction 

1 

2,355 

1.5 

1 

1,274 

.9 

0 

Bridge  Construction 

6 

10,253 

6.6 

1 

1,110 

.8 

1 

1,006 

1.1 

Bridge  Replacement 

17 

9,460 

6.1 

36 

28,126 

20.7 

35 

19,042 

21.3 

Rural  Secondary 
Resurfacing 

65 

32,164 

20.8 

86 

28,866 

21.2 

49 

17,105 

19.1 

Bridge  Reconstruction 

266 

28,742 

18.6 

190 

33,437 

24.6 

65 

11,711 

13.1 

Road  Replacement 

3 

8,159 

5.3 

0 

2 

1,271 

1.4 

Grade  Separation 

0 

0 

0 

Interstate  RRR 

7 

15,014 

9.7 

12 

16,909 

12.3 

12 

20,888 

23.3 

Interstate  &  Non- 
Interstate  Safety 
Revisions 

7 

6,430 

4.2 

13 

5,460 

4.0 

2 

475 

.5 

Railroad  Crossing 
Improvements 

1 

40 

.0 

1 

467 

.3 

0 

Railroad  Protection 

Improvements 

14 

1,521 

1.0 

14 

2,085 

1.5 

6 

690 

.8 

Added  Travel  Lanes 

0 

1 

2,704 

2.0 

1 

3,257 

3.6 

Erosion  Control 

9 

1,079 

.7 

0 

2 

16 

.0 

Slide  Correction 

2 

3.372 

2.2 

1 

893 

.7 

0 

Interchange  Con- 
struction 

0 

0 

1 

2,839 

3.2 

Signalizatlon  Ira- 
provment 

32 

4,026 

2.6 

23 

1,121 

.8 

34 

862 

1.0 

Hon-Interstate  RRS 

0 

8 

2,370 

1.7 

5 

755 

.8 

Road  Reconstruction 

10 

12,365 

8.0 

3 

1,442 

1.1 

6 

5,232 

5.8 

0 

0 

1 

652 

.7 

Intersection  Im- 
provement 

15 

2,345 

1.5 

8 

1,090 

.8 

6 

811 

.9 

Sight  Distance 
Correction 

0 

4 

919 

.7 

2 

533 

.6 
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Table  3.3  (continued) 


1980 

1981 

1982 

Work  Category 

No. 

103  S 

X 

No. 

103$ 

I 

Ho. 

103  $ 

1 

Rest  Area  Mod  If  1- 

0 

2 

86 

.1 

1 

561 

.6 

Small  Structure 
Replacement 

3 

388 

.3 

1 

30 

.0 

6 

380 

.4 

Reat  Area  Con- 
struction 

0 

1 

778 

.6 

0 

Weigh  Station 
Construction 

0 

0 

0 

Sign  Improvements 

6 

8,063 

5.2 

7 

1,799 

1.3 

5 

1,319 

1.5 

Drainage  Improvements 

0 

0 

2 

166 

.2 

Lighting  improvements 

9 

1,854 

1.2 

4 

336 

.2 

] 

28 

.0 

Junk.  Yard  Control 

2 

30 

.0 

0 

0 

Landscaping 

0 

0 

0 

Weigh  Station  Modifi- 
cations 

1 

154 

.1 

0 

0 

Total 

478 

154,267 

99.8 

441 

136,041 

100.2 

283 

89,599 

99.9 

Source:   IDOH  Division  of  Planning 
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As  of  19132  these  categories  represented  48  17.  of  the 
1983  proposed  budget  and  55  67.  of  the  proposed  1984  budget 
(50)  (see  Table  3  4)  These  budgets  were  the  ones  proposed 
before  the  new  Federal  gas  tax  legislation  was  passed  The 
exact  amounts  subsequent  to  1983  were  not  yet  available  at 
the  time  this  report  was  written. 

If  maintenance  activities  are  included  in  the  proposed 
budget,  they  would  represent  about  25'/.  of  the  total  budget 
(see  Table  3  5). 

The  previous  shortage  of  highway  funds  has  resulted  in 
greater  priority  being  placed  on  capital  preservation  rather 
than  on  new  or  vastly  improved  facilities.  The  newer  1984- 
1985  budget;  shows  greater  priority  being  placed  on  the 
categories  of  road  construction  and  bridge  construction  than 
in  previous  budgets.  A  tremendous  backlog  of  road  construc- 
tion projects  have  also  been  approved,  however  they  have  not 
been  budgeted  for  the  1983-1984  biennium.  A  backlog  of  pro- 
jects also  exists  for  the  bridge  replacement,  road  replace- 
ment, added  travel  lanes,  and  new  interstate  completion 
categories.  These  five  categories  amounted  to  877.  of  the 
unbudgeted  funds  as  of  1983.  A  large  number  of  bridge 
replacement  projects  will  most  likely  be  programmed  due  to 
the  increase  in  funds  from  the  recent  highway  funding  legis- 
lation. 

There  is  a  large  degree  of  uniformity  between  yearly 
funding   both   within  most  job  categories  and  between  yearly 
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Table  3.4 

IDOH  Proposed  Highway  Improvement  Funding  by  Work  Category  for 
1983,  1984,  and  the  Future 


1983 

1984 

Future 

Work  Category 

No. 

103  $ 

Z 

No. 

103  $ 

I 

Ho. 

103  $ 

Z 

Road  and  Bridge 
Construction 

17 

53,973 

25.3 

17 

39,875 

21.1 

132 

636,554 

53.2 

Bridge  Replacement 

58 

41,373 

19.4 

69 

40,321 

21.3 

301 

187,703 

15.7 

Non-Interstate  Re- 
surfacing 

62 

30,859 

14.5 

67 

30,315 

16.1 

41 

17,375 

1.5 

Bridge  Rehabilita- 
tion 

134 

29,516 

13.9 

96 

30,399 

16.1 

198 

40,455 

3.4 

Interstate  Re- 
surfacing 

4 

20,585 

10.0 

5 

27,385 

14.5 

0 

Road  Replacement 

1 

6,988 

3.3 

0 

11 

63,828 

5.3 

Grade  Separation 

1 

6,003 

2.8 

0 

1 

1,220 

.1 

Interstate  Safety 
Improvements 

7 

2,455 

1.2 

3 

2,039 

1.1 

9 

12,934 

1.1 

Non-Interstate 
Safety  Improve- 
ments 

3 

2,650 

1.2 

3 

2,650 

1.4 

0 

Railroad  Crade 
Crossing  Improve- 
ments 

18 

2,515 

1.2 

18 

2,493 

1.3 

0 

Added  Travel  Lanes 

1 

4,500 

2.1 

0 

18 

67,304 

5.6 

Erosion  &  Slide 
Control 

1 

2,250 

1.1 

3 

1,203 

.6 

13 

8,360 

.7 

Interchange  Con- 
struction 

1 

2,857 

1.3 

0 

2 

1,815 

.2 

Slgnalization  Im- 
provements 

2 

1,340 

.6 

2 

1,500 

.8 

1 

700 

.0 

Road  Moderniza- 
tion (Road  Recon. 
&  Access  Control) 

2 

734 

.3 

5 

3,915 

2.1 

28 

42,994 

3.6 

Intersection  Im- 
provements 

8 

980 

.5 

10 

1,187 

.6 

54 

15,396 

1.3 

Sight  Distance 
Corrections 

3 

1,108 

.5 

6 

977 

.5 

13 

4,228 

.4 
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Table  3.4  (continued) 


1983 

1984 

Future 

Work  Category 

No. 

103  s 

Z 

No. 

103  3 

X 

No. 

103S 

: 

Rest  Area  Modifi- 
cations 

2 

951 

.4 

1,050 

.6 

5 

4,010 

.3 

Small  Structure 
Replacement 

7 

924 

.4 

1,130 

.6 

6 

858 

.0 

Rest  Area  Con- 
struction 

0 

1,020 

.5 

7 

6,215 

.5 

Weigh  Station 
Construction 

0 

900 

.5 

1 

2,000 

.2 

Signing  improve- 
ments 

1 

200 

.1 

200 

.1 

1 

800 

.0 

Drainage  Problem 
Correction 

1 

90 

.0 

310 

.2 

1 

50 

.0 

Lighting  Improve- 
ments 

1 

50 

.0 

0 

Junk  Yard  Control 

1 

11 

.0 

0 

New  Completion  of 
Interstate 

0 

0 

22 

82,796 

6.9 

Landscaping 

0 

0 

Weigh  Station 
Modernization 

0 

0 

Total 

336 

212,912 

100.1 

311 

188,869 

100.0 

865 

1,197,595 

100.0 

Source:  (50) 


47 


Table  3.5 
IDOH  Proposed  Maintenance  Program  by  Activity  Type  for  1983  and  1984 


1983 

1984 

Work  Category 

103  $ 

Z   of 

Total  HIP 
Funds 

103  $ 

Z   of 

Total  HIP 
Funds 

Roadway  &  Shoulder 
Maintenance 

14,600 

5.3 

15,500 

6.0 

Traffic  Control 

13,700 

4.9 

14,500 

5.6 

Winter  Emergency 

11,000 

4.0 

11,600 

4.5 

Field  Maintenance, 
Supervision,  & 
Training 

6,900 

2.5 

7,300 

2.8 

Roadside  Maintenance 

5,000 

1.8 

5,300 

2.1 

Maintenance  Support 
Activities 

4,000 

1.4 

4,200 

1.6 

Bridge  Maintenance 

3,100 

1.1 

3,300 

1.3 

Drainage  Maintenance 

2,600 

.9 

2,800 

1.1 

Public  Service 

1,900 

.7 

2,000 

.8 

Special  Maintenance 

1,700 

.6 

1,800 

.7 

All  Maintenance 

Other  Highway  Improvement 
Program  Categories 

64,500 
212,912 

23.3 

76.7 

68,300 
188,869 

26.6 
73.4 

Total  HIP  Funds 

277,412 

100.0 

257,169 

100.0 

Source:  (50) 
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totals    rhis   is   because  job   category   budgets   have 
bfien  approved  in  advance  by  the  state  legislature. 
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CHAPTER  4 
HIGHWAY  IMPROVEMENT  IMPACT  CATEGORIES  AND 
THEIR  PRIORITY  EVALUATION  MEASURES 
When  priorities  are  determined  for  individual   projects 
within   a  work  category  or  functional  classification,  signi- 
ficant types  of  impacts  must   be   determined.    After   this, 
methods   for   measuring   the  extent  of  these  impacts  must  be 
developed  to  describe  the  importance  of   each   project.    An 
impact   category  is  defined  as  the  general  impact  type  which 
has  a  specific  importance  level  within  a  work   category. 
priority   evaluation   measure   is  the  value  which  represents 
the  importance  of  a  project  with  respect  to  a   given   impact 

t  y  p  (? . 

IMPACT  SECTORS 
The  implementation  of  a  highway  improvement  project  can 
have   a   variety   of  impacts  on  many  entities  related  to  it 
These  entities  may  be  roughly  divided   into   three   sectors, 
users,   non-users,   and  providers.   Users  are  entities  which 
may  either  be  persons,   businesses,   or   institutions   whose 
transportation  activities  are  directly  affected  by  provision 
of  a  highway   system.     Non-users   are   entities   which   may 
either  be  persons,  businesses,  institutions,  or  governmental 
agencies  which  are  not  directly  affected  by  the  provision  of 
the   highway   system,  but  they  may  be  directly  or  indirectly 
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affected  by  the  presence  of  a  roadway  or  its  users 
Finally-  there  is  the  provider  This  is  the  entity  which 
constructs  and  maintains  highway  facilities  for  the  public 
at  large.  The  provider  may  represent  any  combination  of 
Federal,  state,  or  local  levels  of  government.  For  the  pur- 
pose of  this  report,  the  provider  is  the  state  highway 
department. 

IMPACT  CATEGORIES 

The  major  types  of  impacts  upon  users,  non-users,  and 
the  provider  have  been  combined  into  thirteen  impact 
categories.  Within  each  impact  category,  possible  priority 
evaluation  measures  for  these  impacts  have  been  listed  (see 
T  able  4.  1  ). 

Highway  Department  Costs 

The  First  impact  category  listed  is  highway  department 
costs.  This  impact  category  is  associated  with  the  provider 
of  the  highways;  the  highway  department.  Measures  of  the 
highway  department  costs  include  the  construction  cost, 
maintenance  cost,  administrative  cost,  and  the  cost  of  bor- 
rowing money.  These  costs  are  usually  estimated  in  con- 
struction estimates  and  project  cost  estimates.  Administra- 
tive costs  include  supervisory,  design,  and  estimating  wages 
of  personnel.  In  addition,  the  highway  department  may  incur 
occasional  litigation  costs.  This  type  of  cost  cannot  be 
measured  but  is  highly  correlated  with  the  relative  safety 
of  a  facility.  If  the  level  of  safety  is  high,  the  risk  of 
legal  costs  is  low 
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Table  4.1 

List  of  All  Priority  Evaluation  Measures  by 
Impact  Category 


HIGHWAY  DEPARTMENT  COSTS 


Construction  Cost 
Administration  Cost 
Litigation  Costs 


Maintenance  Cost 
Cost  of  Borrowing 


ROAD  USER  COSTS 


Vehicle  Operating  Costs 
Accident  Costs 


Travel  Time  Cost 
Out-of-Pocket  Costs 


CONDITION 


Smoothness 
Pavement  Strength 
Superstructure  Condition 
Appurtenance  Condition 


Skid  Resistance 
Substructure  Condition 
Deck  Condition 


SERVICE 


Traffic  Volume 
Delay 

Operating  Speed 
Railroad  Crossing  Protection 
Devices 


Service  Area 
Volume/Capacity  Ratio 
Road  Alignment  and  Cross- 
Section 


SAFETY 


Fatal  Accident  Rate 
Total  Accident  Rate 
Number  of  Hazardous  Obstructions 
Road  Alignment  and  Cross- 
Section 
Traffic  Control  Devices 
Smoothness 
Delay 
Sight  Distance 


Injury  Accident  Rate 
Railroad  Crossing  Protection 

Factor 
Night  Accident  Rate 
Volume/Capacity  Ratio 
Adjacent  Land  Use 
Skid  Resistance 
Train  Volume 
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Table  4.1  (continued) 


ENVIRONMENTAL 


Water  Quality 
Noise  Level 
Litter  Volume 
Rate  of  Energy  Use 


Air  Quality 
Lighting  Level 
Vibration  Level 
Esthetic  Appearance 


SOCIAL 


Adjacent  Land  Use 
Number  of  Businesses 

Displaced 
Number  of  Institutions 

Displaced 


Number  of  Families 

Displaced 
Number  of  Historic 

Buildings  Removed 
Number  of  Recreational 

Areas  Displaced 


NON-USER  ECONOMIC 


Construction  Wages 
Property  Values 
Tax  Rate 
Sales  Level 
Building  Construction 
Profits 


Land  Development 
Tax  Base 
Employment  Level 
Relocation  Costs 


COMFORT 


Smoothness 
Volume/Capacity  Ratio 


Esthetic  Appearance 
Delay 


CONTINUITY 
Roadway  Spacing  and  Locational  Distribution 


CONVENIENCE 


Accessibility 
Volume/Capacity  Ratio 
Delay 


Continuity 
Operating  Speed 
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Table  4.1  (continued) 


EQUITY 


Region  of  Project 
Service  Area  of  Facility 


Revenue  Generated  by  Area 


LOCATION 


Highway  Classification 
Area  Population 


Type  of  Area  (rural  or 
urban) 
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Road  User.   Costs 

The  next  impact  category  listed   is   road   user   costs 
Costs   to   road   users  are  involved  in  the  necessity  of  time 
spent  travelling  to   a   place,   costs   associated   with   the 
operation   or   use   of   a   vehicle,   and  the  additional  cost 
involved  in  vehicular  accidents. 

Vehicle  costs  may  be  estimated  from  fuel  costs  and 
vehicle  maintenance  costs  which  vary  as  a  function  of  road 
condition  These  have  been  estimated  for  a  variety  of  road 
geometries,  surfaces,  and  traffic  conditions  (1)  Travel 
time  costs  may  be  estimated  either  directly  from  personal 
surveys   of   road   users   or   indirectly  from  socio-economic 

census  data. 

If  any  tolls  or  Fares  are  imposed  on  a  facility  such  as 
a  toll  road  or  parking  lot,  this  would  increase  the  daily 
operating  cost  for  a  road  user.  One  cost  which  is  very  dif- 
ficult to  measure  is  the  change  in  distance  or  time  which 
existing  travellers  have  to  go  if  they  change  the  routes 
they  would  have  normally  taken.  Ultimately,  this  could  be 
measured  from  trip  assignment  models  (98,104).  Estimates  of 
expected  accident  costs  have  been  evaluated  and  tabulated  in 

the  literature  (1). 

Condition 
A  main  type  of  highway  impact  on  the  users  and  the  pro- 
vider  is   the  physical  condition  of  the  road  pavement    The 
condition  of   the   pavement's   surface   affects   the   speed, 
safety,   and  comfort  of  persons  using  the  roadway,  while  the 
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strength  of  the  pavement  gives  an  indication  of  how  long  it 
Will  last.  This  will  affect  when  the  highway  department 
will  need  to  improve  the  pavement. 

There  -are  two  measures  which  describe  the  condition  of 
the  pavement  s  surface  profile;  smoothness  and  skid  resis- 
tance. The  smoothness  describes  how  much  vertical  movement 
is  involved  in  a  vehicle's  ride.  There  are  numerous 
specific  ways  in  which  this  movement  can  be  measured  In 
general  a  machine,  either  in  a  vehicle  or  pulled  behind  a 
vehicle,  is  used  to  measure  the  frequency  and/or  distance 
that  a  set  of  wheels  moving  along  the  pavement  move  up 
or  down  in  relationship  to  one  another  The  PCA  roadme- 
tsr  measures  the  number  of  movements  of  the  back  axle  of  an 
automobile  (107).  Skid  resistance  describes  the  coefficient 
of  friction  between  a  tire  and  wet  pavement  during  accelera- 
tion or  turning  This  measurement  is  not  an  indicator  of 
driving  comfort,  but  of  safety.  A  very  smooth  road  may  be 
very  slick  One  technique  used  in  determining  this  value 
involves  towing  a  trailer  behind  a  truck.  Water  is  then 
sprayed  in  front  of  the  trailer's  tires  and  the  relative 
slickness  of  the  pavement  is  then  measured  when  the  tires  of 
the  trailer  are  locked  up.  This  procedure  finds  the  coeffi- 
cient of  wet  sliding  friction  between  the  skidding  tires  and 
the  pavement. 

Pavement  strength  is  usually  measured  by  applying  a 
weight   to   a  section  of  pavement  and  seeing  how  far  it  will 
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deflect.    Indiana  uses  a  Dynaflect  which  can  be  towed  behind 
a  truck  which  measures  this  value. 

A  bridge  is  dependent  upon  the  conditions  of  the  sub- 
structure, superstructure,  and  the  deck  The  condition  of 
the  deck  is  determined  in  the  same  way  as  regular  road  pave- 
ment. The  condition  of  the  substructure  and  the  superstruc- 
ture generally  can  only  be  estimated  by  visual  inspection 
The  physical  condition  may  be  approximated  from  the  age  of 
the  structure  and  the  design  vehicle  used  in  design  of  the 
bridge  Another  factor  affecting  the  physical  condition  may 
also  be  the  number  and  type  of  loads  applied  to  the  bridge 
over  its  life  This  may  be  determined  by  using  the  traffic 
volume  counts  and  vehicle  classification  data. 

The  condition  of  roadway  appurtenances  may  only  be 
visually  evaluated  with  respect  to  their  level  of  physical 
deterioration  or  ability  to  perform  their  appropriate   func- 

t  ion. 

Service 

The  service  level  of   a   roadway   measures   the   speed, 
safety,  and  comfort  which  a  given  section  provides  to  users. 
This  may  be  determined  by   the   traffic   volume,   congestion 
level,  operating  speed,  travel  delay,  and  road  alignment. 

Traffic  volume  indicates  the  number  of  persons  being 
served  on  a  segment.  Service  area  indicates  the  geographic 
area  over  which  persons  are  served.  Operating  speed 
represents  the  degree  of  utility  provided  to  each  driver  in 
the  form  of  time  expenditure.   Delay  is  the  extra  time  spent 
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stopping  or  slowing  down.   This  is  also  a  measure  of  utility 
and  travel  time  expenditure    Congestion   level   is   usually 
measured   as   a  ratio  of  traffic  volume  to  roadway  capacity 
Fhis  also  shows  the  relative  level   of   driver   comfort   and 
safety 

The  road  alignment  can  only  be  described  in  the  number 
and  severity  of  vertical  and  horizontal  curves,  vertical 
grades,  and  lengths  of  tangent  sections  This  gives  an 
indication  of  the  level  of  safety  and  driver  comfort 

Pavement  width,  lane  width,  shoulder  type/  shoulder 
width,  horizontal  clearance,  and  vertical  clearance  also 
measure  road  geometry  They  are  also  used  in  determining 
the  road  capacity  mentioned  earlier  (45,96). 

The  level  of  service  provided  at  grade  crossings  is 
dependent  basically  upon  the  crossing  smoothness,  the  type 
of  warning  device  provided,  and  the  amount  of  delay  encoun- 
tered by  motorists. 

Safety 

The  levei  of  safety  provided  to  road  users  is  described 
by  every  impact  which  reduces  the  probability  of  an  accident 
between  vehicles  or  between  a  vehicle  and  a  physical  object. 
Factors   which   affect   accident   potential  on  a  roadway  are 
road   cross-sec ti on,   vertical   and   horizontal    alignment, 
traffic   control   devices,   and   the   presence   of  hazardous 
obstructions.    It  is  very  difficult  to   estimate  the   safety 
of   a   roadway   since   accidents  tend  to  be  low  probability, 
high  cost  occurrences.   The  level  of  safety  on  a  section   is 
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Best  measured  by  the  accident  rate  This  may  be  broken  down 
into  three  levels  of  severity,  fatal,  injury,  and  property 
damage  Accidents  can  further  be  evaluated  by  type,  loca- 
tion, and  severity  Location  and  type  of  accident  give 
indications  as  to  the  causes.  Hie  night  accident  rate  gives 
an  indication  of  the  effect  of  lighting  on  safety  levels. 

In  addition,  roadway  alignment,  cross-section,  traffic 
congestion,  adjacent  land  use,  traffic  control  devices,  and 
the  presence  of  hazardous  obstructions  give  insight  into  the 
expected  accident  rate  on  a  section.  Sections  having  good 
smoothness,  high  skid  resistance,  low  congestion  levels, 
Jang   sight  distances,  and  low  delay  should  have  good  safety 

ratings. 

The  estimated  safety  of  a  bridge  is  dependent  upon  its 
physical  design  Factors  which  may  measure  this  relation- 
ship are  approach  roadway  width,  the  degree  to  which  the 
road  narrows,  the  deck  width,  the  vertical  clearance,  and 
the  alignment  of  the  approach  roadway. 

The  accident  rate  is  obviously  a  measure  of  the  safety 
of  vehicles  operating  on  the  bridge.  Also,  if  a  bridge  is 
in  poor  physical  condition,  the  probability  of  collapse 
while  a  vehicle  is  on  it  can  also  be  a  measure  of  its  safety 

(78,  31). 

Most  importantly  highway /railroad  grade  crossings 
create  a  safety  hazard,  especially  for  motorists.  A  road 
user  may  either  run  into  a  train,  into  grade  crossing 
apparatus,   or   into  another  object  due  to  a  rough  crossing. 
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Roadway  smoothness  indicators,  which  arr-  the  same  for  road 
pavement  smoothness/  may  be  used  to  approximate  the  crossing 
roughness.  Factors  which  affect  the  probability  of  a 
car/train  accident  are  train  volume,  highway  volume,  type  of 
warning  device  provided  For  the  crossing,  and  the  roadway 
i.jeometry,  especially  sight  distance.  The  most  general  meas- 
ure of-  safety  at  a  crossing  is  the  accident  rate. 

Environmental 
In  general,  environmental  impacts  may  be  defined  as  the 
degree  to  which  the  physical  environment  is  changed  from  its 
natural  state  Environmental  impacts  affect  both  users  and 
non-users.  Users  are  only  affected  by  the  roadways  they 
use,  while  non-users  are  affected  by  both  the  highway  facil- 
ity and  the  presence  of  users  on  it.  Environmental  impacts 
include  changes  in  water  quality,  air  quality,  noise  levels, 
lighting  levels,  litter,  vibration,  energy  consumption,  and 
aesthetics  Water  quality  may  be  evaluated  according  to  the 
level  of  particulates  and  organic  matter  present.  Future 
levels  may  only  be  roughly  estimated  depending  on  the  type 
and  extent  of  construction.  Air  quality  is  measured  accord- 
ing to  the  type  and  volume  of  particulates  emitted  into  it. 
Future  levels  may  be  determined  if  the  future  traffic 
volume,  facility  geometry,  and  traffic  composition  are 
Known  Vibration  and  noise  levels  are  measured  by  the 
intensity  and  frequency  of  construction  equipment  and  for 
generated  traffic.  These  are  measured  from  the  same  roadway 
characteristics  as  air  quality.    The   vibration   and   noise 
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levels  have  also  been  estimated  for  given  future  traffic 
Levels.  Illumination  levels  may  be  determined  from  the  type 
and  location  of  luminaires  proposed  for  installation  Sim- 
ple physics  may  be  used  to  determine  light  intensity  levels 
at  various  distances.  Levels  of  litter  may  only  be 
estimated  depending  upon  the  level  of  law  enforcement 
present)  the  type  of  facility,  and  the  degree  of  maintenance 
activities  present.  Finally,  since  no  two  persons  are 
alike,  aesthetics  are  completely  subjective  Therefore  dif- 
ferent structures  may  be  evaluated  by  local  residents  to 
determine  their  preferences  This  may  be  done  by  a  poll  or 
by  a  person  who  is  familiar  with  the  group  of  persons' 
tastes.  Energy  use  depends  on  the  traffic  volume,  traffic 
composition,  operating  speeds,  and  construction  methods 

Soc  ial 
Social  impacts  of  highways  affect  users  and  non-users. 
While  the  presence  of  a  road  allows  users  to  make  contacts 
with  persons  in  other  locations,  it  also  may  inhibit  a 
specific  social  event  between  non-users  which  would  have 
occurred  had  the  facility  been  absent.  Most  social  impacts 
are  either  due  to  the  change  in  mobility  of  the  population 
or  are  due  to  negative  impacts  caused  by  highway  facility 
construction  or  improvements.  While  highway  improvements 
only  disrupt  community  activities  for  a  while,  road  con- 
struction affects  social  patter ns  in  the  long  run. 

tt  is  very  difficult  to  measure  to  what  degree  communi- 
ties  are   disrupted   for   smaller   changes   other   than   by 
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measuring  the  length  of  time  which  construction  will  take. 
Large  projects  which  involve  taking  of  property  for  right- 
of-way  may  be  quantified  by  the  number  of  families  relocated. 
businesses  displaced,  historic  buildings  removed,  religious 
and  institutional  structures  removed,  or  recreational  area 
taken  However,  it  is  difficult  to  estimate  the  change  in 
property  values  and  subsequent  distribution  of  socio- 
economic strata  due  to  highway  changes  in  the  long  run  The 
adjacent  land  use  of  roadways  being  improved  gives  an  indi- 
cation of  the  type  of  social  activities  being  affected 

Non-User  Ec  onomi  c 
Economic  impacts  on  non-users  are  less  obvious  They 
usually  occur  over  a  longer  period  of  time  and  are  influ- 
enced by  a  larger  number  of  external  factors  than  are  most 
highway  improvement  impacts  Major  impacts  are  in  changes 
in  property  values,  sales  volumes  for  businesses,  tax 
rates,  tax  base,  employment,  prices  of  goods  and  services, 
building  construction  profits,  uncompensated  relocation 
.-ostsi  and  public  utility  location  costs.  Wages  to  con- 
struction or  maintenance  workers  can  be  estimated  from  con- 
struction or  project  estimates.  Impacts  on  nearby  land 
development  due  to  land  taken  for  right-of-way,  houses 
taken,  and  businesses  taken  may  be  measured  by  land  area 
taken  and  market  values  of  land  and  structures  In  addi- 
tion, tax  base  decreases  can  be  determined  from  existing  tax 
records. 
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Other  more  difficult  measurements  are  of  the  number  of 
jobs  created  or  destroyed)  the  change  in  future  land 
development  mixes  and  values,  the  change  in  business  gen- 
erated for  existing  and  future  businesses/  the  changes  in 
rental  rates >  and  the  changes  in  demand  for  building 
construction.  These  may  be  estimated  from  regional  plans 
rind  labor  estimation.  However/  the  accuracy  of  these  esti- 
mates may  not  be  high 

Comfort 

Driver  comfort  is  a  composite  of  many  of  the  previously 
mentioned  factors.  It  measures  the  ease  with  which  a  user 
can  access  and  operate  on  a  roadway  system.  It  is  usually 
associated  with  the  number  of  decisions  and  driving  restric- 
tions or  hindrances. 

Driver  comfort  is  highly  correlated  with  service/ 
safety;  and  condition.  A  safe  roadway  will  require  a 
minimum  of  rash  decisions  and  outside  interferences.  A  road 
with  a  high  service  level  will  be  very  uncongested  and 
require  a  minimum  of  conflict  with  other  drivers.  A  road 
with  a  smooth  surface  will  give  the  most  seating  comfort  to 
the  passengers  In  addition/  good  aesthetics  will  help  the 
driver  to  be  relaxed  and  calm.  Consequently/  comfort  has 
already  been  considered  in  other  impact  categories. 

Continuity 

Good  continuity  provides  the  lowest  road  user  travel 
costs   and   the   lowest   costs  to  the  highway  department  for 
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construction  of  auxiliary  roads.  Continuity  basically  mea- 
sures how  well  roadways  in  different  areas  and  of  various 
types  fit  together  High  volume  roadways  should  be  widely 
spaced  and  continuous,  and  local  streets  should  be  densely 
located  but  with  less  continuity.  Networks  having  good  con- 
tinuity usually  have  the  lowest  road  user  costs  and  require 
t  h  e  least  amount  of  road  mileage.  Continuity  may  be  mea- 
ured  by  looking  at  individual  paths  of  drivers  to  see  how 
far  they  have  to  drive*  not  in  the  direction  of  their  desti- 
nation! to  get  to  their  destination. 

Co nven  i  ence 

Convenience  relates  to  the  ease  with  which  a  user  can 
access  the  road  network  and  how  easy  it  is  for  him  to  travel 
from  origin  to  destination.  Again>  convenience  is  made  up 
of  a  variety  of  previously  measured  impacts.  If  a  road  sys- 
tem has  good  continuity/  it  will  have  good  convenience  If 
the  system  has  low  levels  of  congestion,  it  will  be  more 
convenient.  If  there  are  higher  operating  speeds  and  less 
delay/  the  system  will  be  more  convenient.  If  road  user 
economic  costs  are  low(  it  will  probably  be  more  convenient/ 
because  each  inconvenience  usually  has  a  time  or  economic 
cost  related  to  it. 

With  respect  to  road  access,  the  number  and  spacing   of 
access  points  will  measure  the  convenience  of  a  roadway. 

Eg  u  i  tg 

Equity  is  the  uniform  distribution  of  benefits   between 
different   socio-economic   groups   or  different  geographical 
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areas.  One  type  of  equity  provides  equal  service  to  all 
groups,  while  the  other  type  provides  service  according  to 
how  much  each  user  has  paid  In  th*  context  of  state 
improvement  projects,  the  state  can  either  implement  pro- 
jects in  regions  according  to  the  amount  of  revenue  received 
from  each  or  provide  the  same  level  of  service  to  all 
regions.  Consequently,  equity  may  either  be  determined  from 
traffic  volume  counts,  vehicle-miles  travelled,  or  from  dis- 
trict p  o  p  u  1  a  t  i  o  n  s  . 

Locat  i  on 

The  location  of  a  highway  improvement  also  has  a  signi- 
ficance as  to  which  group  of  projects  should  be  implemented 
Ihe  highway  classification  will  either  be  primary,  secon- 
dary, or  local.  This  is  usually  a  function  of  traffic 
volume  and  service  area.  The  type  of  area  (rural  or  urban) 
may  also  affect  the  type  of  projects  selected.  Area  popula- 
tion gives  an  indication  of  how  many  non-users  may  be 
affected  by  a  facility. 

SUMMARY 

From  this  list  of  impact  categories  and  priority 
evaluation  measures,  one  can  take  an  individual  work 
category,  determine  the  type  of  impacts  important  within  the 
category,  and  then  determine  how  these  impacts  can  be  meas- 
ured in  a  highway  improvement  priority  setting  context. 
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CHAPTER  5 
THE  PROPOSED  PRIORITY  SETTING  TECHNIQUE 
CRITIQUE  OF  AVAILABLE  TECHNIQUES 

In  the  context  of  the  present  study,  several  priority 
setting  techniques  were  examined.  A  brief  critique  of  these 
techniques  is  presented  below 

Sufficiency  rating  techniques  use  very  subjective  data 
to  evaluate  existing  levels  of  condition,  service,  and  safe- 
ty for  roadways  These  "needs"  in  addition  to  a  traffic  vol- 
ume adjustment  are  used  to  rank  each  section  in  order  of 
need.  Improvement  projects  are  then  developed  to  meet  these 
needs. 

Although  a  priority  setting  technique  could  be 
developed  based  on  this  approach,  a  range  of  priority 
evaluation  measures  may  require  greater  accuracy  than  is 
presently  available  in  highway  departments.  In  addition, 
exact  numerical  weights  for  priority  evaluation  measures 
are  necessary,  which  again  imply  a  greater  degree  of  accu- 
racy than  is  actually  possible  from  existing  data. 

Weighted  factor  techniques  also  determine  a  single 
number  for  each  project  by  arithmetically  combining  the 
measures  of  impacts.  This  approach  does  not  allow  explicit 
consideration  of  all  possible  impacts  and  it  requires 
assignment  of  impact  weights  in  advance. 
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B/C  ratios  and  marginal  analysis  may  be  used  to  provide 
a  priority  index  for  each  project  However,  only  those 
impacts  that  can  be  expressed  in  terms  of  dollars  can  be 
cons  i  dered 

Although  cost-effectiveness  methods  do  not  require  that 
each   impact   be   expressed  in  terms  of  dollars,  once  again, 
every  impact  must  be  expressed  relative  to  the  project  cost 
As  a  result,  a  series  of  cost-effectiveness  values  must  then 
be  evaluated  for  each  project,  which  must   then   be   commen- 
surated  to  provide  a  final  priority  for  each  project 

Mathematical  programming  techniques  such  as  linear  pro- 
gramming, integer  programming,  goal  programming,  and  dynamic 
programming  all  use  sophisticated  mathematical  formulas  and 
computer  programs  to  evaluate  project  priorities.  While 
these  methods  ar&  useful,  they  require  a  large  investment  in 
time  and  money  in  getting  the  programs  running  and  debugged 
Moreover,  the  imprecise  type  of  input  data  available  does 
not  justify  the  use  of  a  precise  mathematical  approach. 

Consequently,  it  can  be  seen  that  although  there  are  a 
great  number  of  priority  setting  methods  available,  none  are 
exactly  suited  for  use  in  the  environment  of  the  IDDH  at  the 
present  time.  A  new  method  is  necessary  that  can  objec- 
tively and  systematically  combine  input  data  that  have  a 
low  degree  of  accuracy. 
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CHARACTERISTICS  REQUIRED  OF  A  NEU  PRIORITY  SETTING  TECHNIQUE 

In  developing  a  new  priority  setting  technique,  certain 
characteristics  must  be  met  Priorities  should  be  evaluated 
for  projects  within  their  appropriate  work  categories  or 
functional  classifications  (97)  Projects  in  different  work 
categories  have  different  levels  of  importance  for  the  same 
impact  categories. 

The  technique  should  be  designed  to  be  simple  and  easy 
to  understand  The  technique  should  also  be  quick,  practi- 
cal, and  flexible  to  use.  It  should  be  useful  if  more  impact 
types  are  added,  if  some  are  left  out,  or  if  impact  mea- 
sures are  changed.  The  technique  should  also  be  easily 
adaptable  to  highway  departments  at  different  levels  of 
government  or  for  different  levels  within  a  department 
(99,  12,  5,  97). 

Levels  of  uncertainty  or  risk  should  be  taken  into 
account  (97,54,49,99).  Graphical  as  well  as  numerical 
methods  should  be  used  to  describe  project  characteristics 
(5).  The  interaction  of  conflicting  priorities  within  pro- 
jects should  be  addressed  (54,49).  The  final  set  of  pro- 
jects implemented  should  be  distributed  equitably  throughout 
the  region  of  jurisdiction  (97,54,49).  Finally,  the  posi- 
tion of  each  project  in  the  "pipeline"  should  be  taken  into 
account  (49). 

THE  SUCCESSIVE  SUBSETTING  TECHNIQUE 

The  major  problem  in  using  a  priority  setting  technique 
is   that  available  data  are  mostly  subjective  and  have  a  low 


68 

degree  of  accuracy.  Consequently/  the  proposed  technique 
assumes  that  impacts  of  highway  improvements  cannot  be  mea- 
sured precisely,  and  if  they  can  be,  their  limits  of  accura- 
cy are  quite  large  It  assumes  that  all  projects  in  each  im- 
pact category  can  only  be  roughly  lumped  into  a  small  number 
of  groups.  The  members  of  each  group  will  then  have  approx- 
imately the  same  impact  value  or  priority  evaluation  measure. 

However,  the  key  to  this  technique  is  that  each  smaller 
ijroup  or  subset  may  also  be  divided  into  additional  smaller 
groups  using  different  evaluation  criteria.  A  representa- 
tion of  the  successive  subsetting  operations  is  in  Figure 
5.1.  As  a  result/  although  the  first  separation  of  projects 
may  only  produce,  for  example/  five  groups,  the  second  round 
of  subsetting  may  produce  25  groups  (or  five  groups  of 
five)  This  procedure  may  be  used  for  as  many  times  as 
there  are  impact  categories.  Consequently,  a  group  of  pro- 
jects separated  into  three  subgroups  five  times  will  produce 
243  subsets.  Five  groups  divided  five  times  will  produce 
3125  subsets. 

Therefore,  using  this  technique  a  large  number  of  pro- 
jects may  be  ranked  in  a  small  number  of  steps  using  data 
that  need  not  be  highly  accurate.  In  addition,  only 
several  impact  measurements  are  necessary  for  each  project 
proposed.  This  means  a  small  amount  of  data  is  required. 
REQUIREMENTS  OF  THE  SUCCESSIVE  SUBSETTING  TECHNIQUE 

Instead  of  determining  the  numerical  priorities  for 
each   type   of  impact,  the  relative  importance  for  different 
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FIGURE  5.1 
A  FLOW  CHART  OF  THE  SUCCESSIVE  SUBSETTING  TECHNIQUE 
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types  of  impacts  need  to  be  ranked.  Then  for  each  budgeting 
or  work  category,  the  projects  must  be  split  into  several 
subgroups  according  to  the  most  important  priority  measure 
Then  each  subgroup  must  again  be  separated  into  more  subsets 
using  the  second  most  important  priority  evaluation  measure 
This  continues  until  all  projects  belong  in  a  separate  sub- 
set. 

For  a  single  subsetting  step,  the  decision  maker  must 
have  an  understanding  of  the  degree  of  accuracy  of  the 
priority  evaluation  measures  to  be  used.  However,  rather 
than  using  precise  statistical  methods  to  determine  which 
values  aTe  statistically  different,  the  user  can  visually 
observe  the  distribution  of  the  values  and  make  approxima- 
tions between  different  values.  Then,  by  repeating  this 
step  using  other  priority  evaluation  measures  for  each  of 
the  smaller  subgroups,  each  category  may  be  roughly  sub- 
divided a  number  of  times  to  produce  a  finely  separated 
distribution  of  all  projects  by  rank. 

Before  the  impact  categories  may  be  ranked,  the  deci- 
sion maker  must  clearly  understand  the  relative  importance 
between  each  impact  category  and  their  respective  priority 
evaluation  measures.  The  first  subsetting  step  has  the 
greatest  influence  as  to  what  priority  a  given  project  will 
have.  For  in  the  second  subsetting  step,  in  the  absence  of 
the  use  of  any  trade-off  curves,  the  second  most  important 
priority   evaluation  measure  will  only  affect  the  ranking  of 
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projects  within  the  original  subgroups.  For  example,  a  pro- 
ject located  in  the  second  most  important  subgroup  in  the 
first  subsetting  step  cannot  move  up  to  the  most  important 
subgroup. 

If  the  relative  importance  of  impact  categories  are 
clearly  distinguished*  that  is,  if  each  priority  evaluation 
measure  clearly  has  a  greater  significance  than  the  next 
most  important  measure,  then  the  priority  evaluation  mea- 
sures may  be  ranked  and  applied  successively  to  produce  in- 
dividual subsets  for  ail  the  projects. 

However,  if  some  priority  evaluation  measures  have 
similar  importance  levels,  either  within  or  between  dif- 
ferent impact  categories,  then  trade-off  curves  must  be 
developed  to  combine  these  measures.  A  figure  displaying 
how  two  priority  evaluation  measures  may  be  combined  to  sub- 
group projects  is  shown  in  Figure  5.2.  The  relative  impor- 
tance between  the  two  priority  evaluation  measures  are 
reflected  in  the  slope  of  the  lines  separating  the  sub- 
group s. 

If  more  than  two  priority  evaluation  measures  have 
about  the  same  level  of  significance/  they  may  be  combined 
as  in  Figure  5. 3.  Here  the  resulting  subgroupings  for  the 
first  two  measures  are  traded  off  against  a  third  measure. 
The  result  of  this  subgrouping  step  may  then  be  traded  off 
with  further  priority  evaluation  measures 

However,  when  two  or  more  measures  are  traded  off,  they 
combine  to  produce  only  one  subgrouping  step.   Consequently, 
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FIGURE  5.3 

SINGLE  SUBGROUPING  OF  PROJECTS  USING  THREE  PRIORITY 
EVALUATION  MEASURES 


if  a  large  number  of  projects  must  have  their  priorities 
determined,  this  may  be  a  disadvantage  in  that  more  subset- 
ting  steps  are  desired  It  is  possible,  however,  to  offset 
this  small  number  of  subsetting  steps  by  increasing  the 
number  of  groups  made  in  each  subsetting  step  However, 
again  the  limits  of  accuracy  of  the  data  must  not  be  overes- 
timated. 

One  advantage  of  this  priority  setting  method  is  that 
sets  that  have  no  subsets  with  more  than  one  project  do 
not  have  to  be  further  subdivided.  Only  those  groups  having 
projects  with  very  similar  priority  evaluation  measure 
values  must  be  subdivided  using  the  increasingly  less  signi- 
ficant impact  categories. 

In  addition,  if  the  overall  budget  level  is  known,  sub- 
setting  of  projects  need  only  be  applied  in  the  groups  where 
the  cutoff  point  lies  between  programmed  and  deferred  pro- 
lects.  A  group  does  not  need  to  be  subdivided  if  all  of  the 
projects  in  it  will  be  selected.  However,  for  the  purposes 
of  this  study,  all  of  the  projects  will  be  ranked  in  case 
future  changes  in  budget  level  will  be  made 

SENSITIVITY  OF  THE  TECHNIQUE 
This  priority  setting  technique  has  been   developed   to 
use  inaccurate  data   to  produce  a  finely   classified  distri- 
bution of   projects  by   rank.   This  has  been  done  by  succes- 
sively applying  rough  separations  of  projects  into  groups 
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However,  some  sensitivity  must  exist  for  the  technique  to 
be  able  to  distinguish  the  order  of  projects  with  some 
accuracy. 

This  sensitivity  comes  in  the  determination  of  the 
relative  priorities  of  evaluation  measures.  While  values 
for  individual  measures  may  be  quite  inaccurate,  changes  in 
the  order  of  application  of  different  priority  evaluation 
measures  will  produce  a  different  final  ranking  of  projects. 

For  example,  if  one  of  two  projects  has  a  poorer 
condition  rating,  and  the  other  has  a  poorer  safety  rating, 
the  final  ranking  between  the  two  projects  will  depend  upon 
which  evaluation  measure  was  given  the  highest  priority.  If 
the  condition  rating  was  applied  first,  then  the  project 
with  the  poorer  condition  rating  would  be  given  the  higher 
■final  rank. 

However,  the  final  ranks  of  projects  will  only  be 
greatly  different  for  those  projects  having  greater  impor- 
tance in  one  impact  category,  such  as  safety,  and  less 
importance  in  another  impact  category,  such  as  service  If 
a  project  has  great  need  in  all  categories,  then  it  will 
receive  an  important  rank,  no  matter  what  relative  signifi- 
cance the  individual  priority  evaluation  measures  are  given. 
Likewise,  a  project  having  low  importance  in  all  categories 
will  receive  a  low  overall  rank. 

Therefore,  the  sensitivity  of  this  technique  will  only 
affect  those  projects  having  high  importance  in  some  impact 
categories  and  low  importance  in  other  impact  categories. 
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SUMMARY  OF  STEPS 
The  general  steps  involved  in  the   application   of   the 
proposed  technique  are  listed  below. 

1  List  priority  measures  in  order  of  decreasing  signifi- 
cance, combining  those  having  nearly  equal  importance 

2  Plot  projects  by  their  most  important  priority  evalua- 
tion measure  or  measures. 

3  Separate  projects  into  subgroups. 

4  For  each  subgroup,  repeat  steps  2  and  3  using  the  next 
most  important  priority  evaluation  measures  until  each 
project  is  in  its  own  subgroup. 

5  Rank  projects  in  decreasing  order  of  priority 

6  Select  projects   for  implementation   in  order  of  rank 
until  the  budget  for  the  given  period  has  been  met. 
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CHAPTER  6 

AM  APPLICATION  DF  THE  PROPOSED  TECHNIQUE  USING  THE 
BRIDGE  REPLACEMENT  WORK  CATEGORY 

This  section  describes  the  application  of  the  succes- 
sive subsetting  technique  to  the  bridge  replacement  work 
category  in  general  and  then  uses  a  set  of  22  proposed 
bridge  replacement  projects  to  show  an  actual  application  of 
this  technique. 

In  developing  the  specific  successive  subsetting  tech- 
nique for  a  given  work  category/  one  must  understand  what 
priority  evaluation  measures  describe  each  impact  category 
of  importance,  the  relative  importance  of  each  impact 
category,  and  the  available  data  for  projects  within  the 
work  category 

Bridge  replacement  projects  may  be  evaluated  using  four 
major  impact  categories;  the  cost  to  the  highway  department 
to  replace  the  bridge,  the  physical  condition  of  the  present 
bridge,  the  traffic  volume  using  the  bridge,  and  the  safety 
of  persons  driving  over  the  bridge  (see  Table  6  1). 

PHYSICAL  CONDITION 

The  most  important  factor  in  bridge  replacements  is  the 
physical  condition  of  the  existing  bridge.  This  measures 
the  ability  of  a  bridge  to  avoid  a  catastrophic  failure. 
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Table  6.1 


Relative  Importance  of  Bridge  Replacement 
Priority  Evaluation  Measures 


Rank    Impact  Category 
1     Physical  Condition 


2 

Physical  Condition 

3 

Traffic  Safety 

4 

Traffic  Safety 

5 

Service  and  High- 
way Department 
Cost 

6 

Traffic  Safety 

7 

Traffic  Safety 

8 

Location 

Priority  Evaluation  Measure 

Minimum  of  Superstructure  Condition 
and  Substructure  Condition 

Remaining  Life 

Deck  Width 

Road  Narrowing  on  Bridge 

ADT  t  State  Share  of  Construction 
Cost 

Approach  Alignment 
Deck  Pavement  Condition 
Road  Classification 
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Since   IDOH   bridge   data   are   gathered   according   to 
Federal  guidelines  (31),  priority  evaluation  measures  avail- 
able For  this  impact  category  are  the  subjective  measures  of 
substructure   condition-   superstructure   condition,  and  the 
remaining  life  (see  Table  6  1)    Theoretically-   a   bridge's 
life   will   end   when   either  the  substructure  or  the  super- 
structure becomes  so  poor  that  the  bridge  must  be  closed   to 
prevent   a   collapse   while   someone  is  using  the  structure 
Therefore,   ideally  the  remaining  life  value  will  be   propor- 
tional to  the  minimum  of  the  substructure  and  superstructure 
condition  values.   However,  this  is  not  always  true,  due   to 
the  subjective  nature  of  the  measurement  of  these  values 

So  instead  of  using  only  remaining  life  as  the  sole 
measure  of  physical  condition,  both  the  minimum  of  the  two 
condition  ratings  and  the  remaining  life  may  be  used  These 
may  be  combined  by  plotting  the  minimum  of  the  superstruc- 
ture and  the  substructure  ratings  against  the  remaining  life 
value  (see  Figure  6.1) 

Since  two  priority  evaluation  measures  have  been  used 
to  evaluate  the  same  impact  category,  projects  having  inac- 
curate data  may  be  identified.  If  a  point  lies  above  or  be- 
low the  spread  of  points  on  the  graph,  then  either  the  re- 
maining life.  superstructure,  or  substructure  condition 
values  are  in  error  For  example,  if  a  point  lies  above  the 
spread  of  points,  then  either  the  remaining  life  rating 
is  too  low,  or  the  minimum  or  the  superstructure  and  sub- 
structure condition  ratings  is   too   high.    It  would  be  very 
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helpful  to  recheck  the  input  d-jta  for  these  specific  projects 
to  resolve  the  discrepancy  between  the  two  measurements 

Now  it  is  necessary  to  determine  the  relative  accuracy 
between  the  condition  ratings  and  the  remaining  life  With 
this  in  mind  the  projects  can  be  grouped  into  several  sub- 
sets by  separating  them  into  groups  with  lines  whose  slopes 
reflect  the  relative  reliabilities  (see  Figure  6  2).  For 
example,  if  a  45  degree  line  represents  measurements  that 
are  equally  accurate,  then  a  60  degree  line  from  the  hori- 
zontal would  indicate  that  remaining  life  is  more  reliable 
than  the  minimum  of  the  condition  ratings.  Now  the  set  of 
projects  having  the  lowest  remaining  life  and  the  lowest 
superstructure  or  substructure  ratings  will  be  in  the  most 
important  group  for  implementation. 

TRAFFIC  SAFETY 

The  second  most  important  aspect  in  determining  bridge 
replacement  priorities  is  traffic  safety  The  best  measure- 
ment of  this  is  the  accident  rate  on  the  bridge.  However, 
since  this  was  not  available,  values  of  approach  alignment 
condition,  deck  width,  road  narrowing  on  the  bridge,  and 
deck  pavement  condition  from  the  bridge  sufficiency  rating 
data  were  used  (see  Table  6.  1).  Road  narrowing  was  defined 
as  the  bridge  deck  pavement  width  minus  the  roadway  pavement 
width 

Assuming  deck  width  is  the  most  important  priority 
evaluation  measure  ,  and   road  narrowing   is   the  next   most 
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significant-  each  subgroup  from  the  physical  condition   sub- 
setting   step  may  be   subdivided   into   several  subsets  'see 

Figure  6.3) 

For   the  most   important   condition    group   (Condition 
Group   1>i   Group   1A  represents  the  set  of  projects  in  this 
group  having  the  most   critical   traffic   safety   situation 
Group   1C  represents  the  least  important  traffic  safety  sub- 
group in  the  most  important  physical  condition  group    Group 
3A   represents  the  most  important  traffic  safety  subgroup  in 
the  least  important   physical   condition   group     Likewise, 
Group   3C  represents  the  least  important  traffic  safety  sub- 
group in   the   least   important   physical   condition   group. 
Depending   upon   the  relative   importance   of  deck  width  and 
road  narrowing,  the  slope  of  the  lines  separating   subgroups 
may  be  determined  as  in  Figure  6.2. 

SERVICE  AND  HIGHWAY  DEPARTMENT  COST 

The  next  most  important  impact  group  for  bridge 
replacements  is  the  cost  to  replace  the  bridge  The  level 
of  service  provided  by  the  bridge  is  also  important  (see 
Table  6.  1)  Since  these  two  groups  have  approximately  the 
same  level  of  importance,  they  may  be  combined  into  a  single 
subsetting  step.  The  highway  department  cost  may  be  mea- 
sured by  either  the  total  ROW  and  capital  cost  of  the  bridge 
or  the  share  of  this  cost  that  the  state  highway  department 
must  pay  The  latter  method  will  give  higher  priority  to 
bridges   having   greater   amounts   of   Federal  funding.   The 
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level  of  service  provided  by  the  bridge   may  be  easily   mea- 
sured by  the  ADT  on  the  roadway  which  the  bridge  serves 

Rather  than  using  a  trade-off  curve  to  combine  the  ser- 
vice and  cost  measures,  a  logical  measure  combining  these 
two  measures  would  be  the  service  to  cost  ratio,  as  shown 
b  elow 

Service/Cost  Ratio  =  ADT /Construe t i on  Cost  (Eqn  6  1) 
This  value  shows  the  relative  number  of  vehicles  that  would 
be  served  per  dollar  of  construction  cost.  A  larger  value 
would  represent  a  more  cost-effective  project  Now  these 
values  may  be  used  to  subdivide  the  subgroups  which  result 
from  the  previous  traffic  safety  subsetting  step. 

SUBSEQUENT  IMPACT  CATEGORIES 
At  this  point,  subsets  still  having  greater  than  one 
project  per  group  may  be  ranked  according  to  less  important 
factors  such  as  approach  alignment/  deck  condition,  deck 
pavement  condition,  road  classification,  and  so  on  (see 
Table  6.  1).  Again  the  first  three  of  these  priority  evalua- 
tion measures  are  found  in  the  Federal  bridge  sufficiency 
ratings  (31).  It  may  be  seen  that  priority  evaluation  mea- 
sures from  previously  applied  impact  categories  may  also  be 
used. 

Now  each  project  must  be  ranked  against  each  other  pro- 
ject. This  may  be  done  by  listing  the  total  set  of  projects 
in  descending  order  of  importance.  For  example,  if  only  the 
first   three  impact  categories  were  used,  the  most  important 


project  would  be  in  the  most  important  condition  group,  the 
most  important  safety  subgroup.  and  the  most  important 
s ervice/cost  subgroup 

Finally,  after  each  project  has  be?n  ranked,  projects 
may  be  chosen  for  implementation  during  the  budget  period 
until  the  total  budget  level  has  been  met.  If  the  next  pro- 
ject on  the  list  would  cause  the  total  budget  to  be  exceeded, 
it  may  be  either  tentatively  overbudge ted ,  extra  funds  may 
be  unspent,  or  the  next  most  important  project  which  stays 
within  the  overall  budget  may  be  chosen. 

ASSUMPTIONS  USED  IN  THE  BRIDGE  REPLACEMENT  PRIORITY 

RATING  PROCEDURE 

To  give  equal  priorities  to  two  lane  and  four  lane 
bridges  within  the  deck  width  classification  step,  four  lane 
bridges  may  be  converted  to  two  lane  by  either  dividing  by 
two  or  adding  only  the  outside  two  lanes.  Adding  only  the 
two  outside  lanes  oF  a  four  lane  highway  should  approximate 
the  lateral  clearance  of  a  two  lane  highway. 

For  priority  setting  of  bridge  replacement  projects,  it 
is  assumed  that  all  proposed  projects  will  eventually  be 
implemented  The  only  question  is  that  of  when  they  will  be 
implemented  In  this  light,  social  and  environmental 
impacts  do  not  need  to  be  reconsidered,  since  it  can  be 
assumed  that  they  will  be  minimized  in  the  design  stage  of 
the  project  [ f  a  project  is  to  be  abandoned  due  to  signi- 
ficant social  and  environmental  impacts,  it  will  never  have 
reached  the  priority  setting  process. 
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BACKGROUND  INFORMATION  FOR  THE  SAMPLE  PROBLEM 
Now  that  a  specific  successive  subsetting  procedure  has 
been  determined  for  the  bridge  replacement  work  category, 
priorities  may  be  determined  within  a  group  of  bridge 
replacement  projects  This  section  describes  a  sample 
application  of  the  technique  to  a  group  of  actual  bridge 
replacement  projects. 

First,  22  of  the  430  bridge  replacement  projects 
proposed  in  the  1983-84  IDOH  Highway  Improvement  Program 
were  selected  (50).  Projects  were  selected  for  state  high- 
ways 1  through  9.  From  this  group  of  projects  data  were 
gathered  from  Federal-Aid  forms  that   were  used  to  apply  for 

Federal.   funding. 

Next,  bridge  inventory  ratings  for  each  of  the  22 
bridges  were  collected.  These  were  rated  in  accordance  with 
the  FWHA  Bridge  Inventory  and  Appraisal  Manual  (31).  The 
key  for  the  subjective  condition  ratings  as  required  by  this 
manual  is  shown  in  Table  6.2. 

Finally,  19  of  the  bridges  proposed  for  replacement 
were  visited  and  the  data  were  examined  for  completeness, 
consistency,  and  accuracy.  The  final  bridge  replacement 
priority  evaluation  measure  matrix  is  the  result  of  this 
field  investigation  (see  Table  6.3).  The  values  in  this 
table   represent   the   author's   opinion   as  to   the   actual 
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Table  6.2 
Key  for  Subjective  Condition  Ratings 

Numerical 

Rating  Bridge  Condition 

9  new 

8  good 

7  good  with  minor  maintenance  needed 

6  fair  with  major  maintenance  needed 

5  fair  with  minor  rehabilitation  needed 

4  marginal  with  major  rehabilitation  needed 

3  poor  with  rehabilitation  or  repair  needed 

2  critical  with  need  to  close  and  rehabilitation 

or  repair  needed 

1  critical,  is  closed  and  may  not  be  repairable 

0  critical,  is  closed  and  beyond  repair 


Source:  (31) 
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Table  6.3 

Priority  Evaluation  Measures  by  Project  No.  for 
Sample  Bridge  Replacement  Problem 


Project  No. 

844 

852 

5 

1 

878 

2859 

2860 

2861 

Construction  Cost, 
State  Sliare 
[103  S] 

57 

95 

131 

30 

122 

67 

67 

67 

Narrowing  [ft], 
Deck  Width-Road 
Width 

4 

8 

10 

5 

16 

12 

12 

11 

Deck  Width  [ft] 

25 

28 

46 

30 

34 

34 

32 

33 

Deck  Pavement 
Condition 

7 

8 

7 

7 

6 

8 

8 

8 

Remaining  Life 

[yr] 

5 

10 

10 

10 

5 

15 

10 

15 

Substructure 
Condition 

4 

7 

5 

4 

4 

7 

5 

8 

Superstructure 
Condition 

4 

6 

4 

8 

4 

7 

5 

7 

ADT 

1200 

1900 

1100 

1100 

1200 

3000 

3500 

6600 

Approach  Align- 
ment Condition 

8 

8 

7 

7 

8 

7 

7 

6 

ADT/Statc  Share 
of  Const  ruction 
Cost 

21 

20 

8 

37 

10 

45 

52 

99 
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Table   6.3    (continued) 


Project  No. 

2862 

15 

143 

167 

91 

1549 

59 

56 

Construction  Cost, 
State  Share 
[103$] 

110 

136 

253 

221 

101 

19 

302 

237 

Narrowing  [ft]. 
Deck  Width-Road 
Width 

0 

0 

4 

5 

6 

6 

0 

10 

Deck  Width  [ft] 

24 

22 

44 
2 

28 

34 

28 

30 

32 

Deck  Pavement 
Condition 

5 

5 

4 

5 

5 

5 

7 

6 

Remaining  Life 
[yr] 

15 

5 

15 

15 

10 

5 

10 

5 

Substructure 
Condition 

4 

3 

6 

7 

7 

3 

3 

4 

Superstructure 
Condition 

5 

3 

5 

6 

4 

3 

3 

5 

ADT 

1700 

6300 

13300 

1700 

7500 

3100 

6300 

9400 

Approach  Align- 
ment Condition 

3 

2 

5 

6 

7 

7 

4 

7 

ADT/State  Share 
of  Construction 
Cost 

15 

44 

53 

8 

69 

163 

21 

40 
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Tabic  6.3   (continued) 


Project  No. 

166 

2867 

888 

8 

889 

147 

Construction  Cost, 
State  Share 
[10-*  $] 

166 

39 

73 

45 

122 

57 

Narrowing  [ft], 
Deck  Width-Road 
Width 

0 

8 

18 

-3 

12 

6 

Deck  Width  [ft] 

24 

32 

40 

29 

32 

28 

Deck  Pavement 
Condition 

8 

6 

4 

6 

7 

4 

Remaining  Life 

tyr] 

5 

15 

5 

5 

20 

10 

Substructure 
Condition 

3 

4 

4 

3 

7 

4 

Superstructure 
Condition 

4 

4 

4 

3 

8 

8 

ADT 

3200 

6300 

4  300 

1000 

900 

4600 

Approach  Align- 
ment Condition 

5 

2 

8 

7 

7 

3 

ADT/State  Share 
of  Construction 
Cost 

18 

162 

59 

22 

7 

81 
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subjective  ratings  for  each  project.  The  location  of  the 
proposed  projects  are  shown  in  Figure  6  4  The  order  of 
impact  categories  is  shown  on  Table  6.  1. 

APPLICATION  OF  THE  PROCEDURE  TO  ACTUAL  PROJECTS 
The  projects  were  subdivided  into  8  groups  according  to 
physical  condition  (see  Figure  6.5).  In  this  case,  both  the 
minimum  condition  rating  and  the  remaining  life  are  measures 
of  the  same  impact  type;  physical  condition.  It  can  be  seen 
that  a  remaining  life  of  5  years  is  approximately  equivalent 
to  a  minimum  superstructure  or  substructure  condition  rating 
of  3.  Likewise,  20  years  of  remaining  life  corresponds  to  a 
minimum  condition  of  7.  Therefore,  projects  that  lie  perpen- 
dicular to  the  values  of  the  linear  relationship  should  be 
placed  in  the  same  subgroup.  This  should  best  reconcile  the 
discrepancy  for  projects  having  remaining  life  and  minimum 
condition  values  which  do  not  fall  on  the  line.  Therefore, 
projects  having  condition  ratings  of  three  and  a  remaining 
life  of  five  years  were  placed  in  the  most  important  cate- 
gory (Group  A).  The  next  most  important  group  consisted  of 
the  projects  having  conditions  of  four  and  lives  of  five 
years  and  the  project  having  a  condition  of  three  and  a  life 
of  ten  years.  The  five  projects  in  this  category  (Group  B> 
were  deemed  to  be  in  approximately  the  same  physical  condi- 
tion. The  remaining  13  projects  were  combined  into  six 
groups  in  the  same  manner.  Of  these  eight  groups,  Groups  F 
and  H  needed  no  further  subdivision. 
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Figure  6.4 
Locations  of  Sample  Bridge  Replacement  Projects 
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FIGURE  6.5 

FIRST  SUBGROUPING  STEP  FOR  SAMPLE  BRIDGE 
REPLACEMENT  PROBLEM 
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The  remaining  six  groups  mere  subdivided  according  to 
safety  in  Figure  6  6.  In  this  subset  ting  step,  deck  width 
ind  road  narrowing  represent  two  different  types  of  -.afety 
hazards,  but  deck  width  was  determined  to  have  greater 
influence  on  the  priority  than  road  narrowing  on  the 
bridge.  An  example  of  this  is  that  while  Project  No  8  had  a 
pavement  width  five  feet  narrower  on  the  bridge  than  on  the 
approach  and  Project  No.  1549  was  five  feet  wider  on  the 
bridge,  both  projects  were  placed  in  the  same  safety  sub- 
group since  both  had  deck  widths  of  about  35  feet. 

In  drawing  the  lines  separating  the  subgroups,  the 
decision  maker  must  decide  in  each  case  how  much  need  in  the 
narrowing  evaluation  measure  is  required  before  a  project 
may  be  advanced  to  a  group  having  greater  need  according  to 
the  deck  width  evaluation  measure  In  all  six  classes  (see 
Figure  6.6)  it  may  be  seen  that  the  slope  of  the  lines 
separating  the  subgroups  could  have  been  vertical  without 
changing  the  membership  of  each  subgroup.  However,  for 
example,  if  Project  No.  56  had  the  same  deck  width,  but  a 
very  low  road  narrowing  value,  the  line  separating  the 
groups  could  have  been  drawn  further  to  the  right  to  include 
this  project  in  Group  Da. 

From  these  subgroups,  only  six   groups   needed   further 
subdividing      These    were   subdivided   according   to   the 
service/cost  ratio  in  Table  6.  4.   Here  Groups  A.  c,  B.  a,  B  b, 
C. a,   D  b,   and   G  a   had   their   remaining  projects  ranked. 
Since  each  of  these  groups  had  only  two   projects   in   them, 
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Table  6.4 


Subgrouping  by  Service/Cost  Ratio  for  Remaining  Safety  Categories 
for  Sample  Bridge  Replacement  Problem 


Service 

Project  No. 

i  Cost 

Rank 

Class  A.c. 

1549 

163 

i. 

8 

22 

ii. 

Class  B.a. 

844 

21 

i. 

59 

21 

i. 

Class  B.b. 

878 

10 

ii. 

56 

40 

i. 

Class  C.a. 

147 

81 

i. 

1 

37 

ii. 

Class  D.b. 

2860 

52 

ii. 

2867 

162 

i. 

Class  G.a 

2861 

99 

i. 

2859 

45 

ii. 

Table  6.5 

Subgrouping  by  Approach  Alignment  for  Remaining 
Category  for  Sample  Bridge  Replacement  Problem 


Class  B.a.i. 


Project  No. 
844 
59 


Approach  Alignment   !   Rank. 


8 

4 


2 

1 
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bhe  project  with  the  greater  service/cost  ratio  was  given 
the  higher  priority.  However,  in  Group  E.  a,  both  projects 
had  the  same  service/cost  ratio.  Therefore,  only  one  sub- 
group (Group  B.  a.  i )  needed  further  subdividing  This  is 
shown  in  Table  6.5,  where  it  is  divided  according  to 
approach  alignment  (another  safety  measure). 

The  schematic  diagram  of  this  subsetting  procedure  is 
shown  on  Figure  6  7  Finally  the  projects  were  ranked  and 
the  appropriate  projects  chosen  for  implementation  on  Table 
6  6.  The  total  budget  allocated  for  bridge  replacement  pro- 
jects in  the  1983-1984  Highway  Improvement  Program  (50)  was 
approximately  $30,  OOO.OOO.The  two  year  budget  for  application 
in  this  sample  problem  was  reduced  proportionally  by  multi- 
plying by  the  number  of  projects  considered,  22,  and  by 
dividing  by  the  total  number  of  projects  in  the  bridge 
replacement  category,  430.  This  value  was  then  adjusted  to 
account  for  state  share  of  construction  cost  rather  than 
total  construction  cost  by  multiplying  by  the  fraction  of 
the  construction  cost  the  state  must  pay,  1/4.  These 
adjustments   produced  a   budget  for  this   sample  problem   of 

*  1,025,000. 

RESULTS  OF  THE  SAMPLE  PROBLEM 
The  technique  used  for  the  bridge   replacement   problem 
has   resulted   in   a  ranking  of  the  22  candidate  projects  of 
which  7  projects  were  chosen  for  implementation  within  a  two 
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FIGURE  6.7 

A  FLOW  CHART  SHOWING  SUBGROUPING  OF  PROJECTS  FOR 
SAMPLE  BRIDGE  REPLACEMENT  PROBLEM 
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Table  6.6 

Final  Ranking  aud  Project  Choices  'or 
Implementation  for  Sample  Brl-.lge  Replacement  froblea 


Rank        Project  No.    Project  Cost  [1D3S]  Available  Budget  [103  SJ  Overall  Condition  fatl 


A. a. 

15 

A.b. 

166 

A.c.l. 

1549 

A.c.ll. 

8 

B.a.1.1 

59 

B.a.l. 

84* 

B.b.l. 

56 

B.b.ll. 

878 

B.C. 

888 

C.a.l. 

147 

C.a.li. 

1 

C.b. 

91 

C.c. 

5 

D.a. 

2862 

D.b.l. 

2867 

D.b.ll. 

2860 

E.a. 

143 

E.b. 

852 

F. 

167 

G.a.l. 

2861 

G.a.li. 

2859 

H. 

889 

136  1025  (not  done) 


166 
19 
45 

302 

57 


889 
723 
704 
659 
357 


very  poor 
poor 
poor 
poor 
poor 


237  30°         ♦  chosen     poot 

122  "         *  deferred    poor 

poor 
fair 
fair 
fair 
fair 
(not  done) 
(not  done) 


poor  -  SubJ>«lT« 

rating  error 
fair 

fair 


good 

good 

very  good 
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year  budgeting  period.  Due  to  the  nature  of  the  subsetting 
technique,  these  7  projects  were  in  the  worst  physical  con- 
dition of  the  projects  considered. 

This  can  be  validated  by  comparing   the   rank   of   each 
project   with   the  overall  condition  rating  for  each  project 
(see  Table  6.6)    The  overall  condition  rating  was  a  subjec- 
tive  rating  developed  in  this  study  during  the  field  survey 
to  describe  the  total  need  for  replacement  of  a  bridge     It 
can   be   seen  that,  except  for  one  project,  the  bridges  were 
ranked  in  order  of  poorest  overall  condition   to   the   best 
The  project  ranked  16th  received  a  poor  rating  and  was  rank- 
ed in  the  middle  of  the  fair  projects.   This  bridge  was   the 
third  one  visited  of  the  19,  so  the  evaluator  did  not  have  a 
good  base   of   knowledge   for   comparing   the   condition   of 
the   bridges   yet.   The   superstructure   rating  should  prob- 
ably have  been  a  3  or  4  instead  of  a   5     This   would   have 
placed   this   project   with   the   other  projects  having  poor 
overall  conditions. 

The  visual  comparison  of  several  of  the  actual  bridge 
replacement  projects  with  the  individual  condition  ratings 
may  be  seen  from  the  following  photographs. 

Figure  6. 8  shows  a  view  of  the  underside  of  Project 
No.  59  The  excessive  deterioration  led  to  a  superstruc- 
ture rating  of  3.   Project  No.  59  had  a  final  rank  of  3. 

Figure  6.9  shows  the  pier  of  Project  No.  1,  which 
received  a  substructure  rating  of  4.  Its  overall  rank  was 
11. 
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An  Kxample 


Figure  6.8 
Excess  l  ve  Superstructure  Deterioration 


Figure  6.9 
An  Example  of  Severe  Substructure  Erosion 
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Figure  6  10  shows  the  underside  of  Project  No  5  Here 
tiny  stalactites  mere  formed  from  the  process  of  water  seep- 
ing through  the  deck  and  superstructure  The  superstructure 
received  a  rating  of  4  while  the  overall  rank  was  13 

Figure  6.  11  shows  excessive  deterioration  of  the  deck 
oF  Project  No. 167.  Since  the  substructure  and  superstruc- 
ture of  this  bridge  was  in  relatively  good  condition,  the 
overall  project  received  a  rank  of  19. 

Figure  6. 12  shows  a  deteriorated  superstructure  leaving 
exposed  reinforcing  bars  for  Project  No.  2860  This  project 
received  a  low  overall  rank  of  16  and  an  overall  subjective 
rating  of  poor  As  previously  shown,  this  project  should 
have  been  placed  in  a  more  important  category. 

For  the  two  year  budgeting  period,  the  bridges  in  the 
worst  physical  condition  subgroup  and  three  of  the  five 
bridges  in  the  second  worst  condition  subgroup  were 
selected.  All  three  of  the  projects  in  the  second  worst 
condition  subgroup  had  low  safety  ratings.  By  looking  at 
the  position  of  these  bridges  on  Figure  6.  5  of  the  sample 
problem,  it  can  be  seen  that  all  7  projects  chosen  had  a 
minimum   superstructure   or   substructure   condition  of  4  or 
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Figure  6.10 

An  Example  of  Tiny  Stalactites  Formed  on 
Underside  of  Superstructure 
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Figure  6.11 

An  Example  of  Excessive  Deck  Deterioration 
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Figure  6.12 

Example  of  Exposed  Reinforcing  Bars  in 
a  Deteriorated  Superstructure 
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less  and  a  remaining  life  of  10  years  or  less  In  addition, 
all  seven  projects  had  a  road  narrowing  value  of  10  ft  or 
less,  and  six  had  a  deck  width  of  30  ft  or  less. 

From  Figure  6.13  the  distribution  of  the  priority 
evaluation  measures  may  be  seen  for  all  the  proposed 
projects. 

Obviously,  the  categories  with  the  greatest  degree  of 
need  being  given  priority  are  in  substructure  condition, 
superstructure  condition,  and  remaining  life.  The  distribu- 
tion of  chosen  projects  is  also  concentrated  on  the  right 
side  in  the  deck  width  and  road  narrowing  categories.  The 
categories  of  state  share  of  construction  cost,  deck  pave- 
ment condition,  approach  alignment  condition,  and  ADT  are 
relatively  uniform  for  the  chosen  projects.  This  is  due  to 
the  relatively  lower  degree  of  importance  placed  on  these 
priority  evaluation  measures. 
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Figure  6. 1 3 

The  Distribution  of  Priority  Evaluation  Measures  for  All  Sample  Bridge 
Replacement  Projects  and  for  Those  Chosen  for  Implementation 
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Figure  6, 1  3  (continued) 
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CHAPTER  7 
AN  APPLICATION  OF  THE  PROPOSED  TECHNIQUE 
USING  THE  ROAD  REPLACEMENT  WORK  CATEGORY 
T his  chapter  describes  the  application  of   the   succes- 
sive  subletting   technique   to   the   road   replacement  work 
category  using  a  set  of  eight  proposed  rural   road   replace- 
ment  projects   in  the  1983-1984  Highway  Improvement  Program 
(HIP)  (50). 

BACKGROUND  INFORMATION 
One  assumption  which  must  be   made   in   order   to   rank 
these   projects  is  that  urban  road  replacement  projects  will 
be   treated   differently   than   rural  road   replacement  pro- 
jects.  This  is   because   different   priorities   are   placed 
on   the  impact   categories   of   rural   and   urban   projects. 
Urban   projects   put   more  emphasis  on  capacity  and  parking, 
while  rural  projects  put  more  importance  on   safety.    Since 
only   two   of   the  projects  in  the  road  replacement  category 
are  urban,  this  sample  problem  has  been  simplified  by   look- 
ing only  at  the  rural  projects. 

The  data  used  in  this  sample  problem  were  gathered  from 
Federal-Aid  forms  held  at  the  IDOH  central  office  in  addi- 
tion to  roadway  condition  data  that  were  taken  from  the 
IDOH  Research  and  Training  Center  records.  These  values 
appear  in  Tab  1  e  7.1. 
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PRIORITY  SETTING  PROCEDURE 

The  impact  categories  and  their  priority  evaluation 
measures  have  been  ranked  in  Table  7.2  The  most  important 
factor  in  determining  the  priority  of  a  road  replacement 
project  is  the  physical  condition  of  the  pavement.  While 
pavement  strength  is  the  best  measure  of  condition,  these 
values  were  not  available  for  use  in  this  sample  problem 
Therefore,  the  next  best  measure  of  the  existing  pavement 
condition,  pavement  roughness,  was  used  instead.  The  skid 
resistance  values  would  also  have  been  useful,  however  com- 
plete data  were  not  available  for  the  projects  in  question. 

Traffic  safety  is  the  next  most  important  impact 
category  Accident  rate  would  have  been  the  most  desirable 
measure  of  this  priority,  however,  since  it  was  not  readily 
available,  pavement  width  was  used  as  a  proxy. 

Although  the  road  condition  is  more  important  than  the 
level  of  safety,  it  may  be  preferable  to  place  very  unsafe 
projects  in  categories  having  projects  in  worse  physical 
condition.  Therefore,  these  two  measures  will  be  evaluated 
using  trade-off  curves.  Since  the  number  of  projects  con- 
sidered in  the  sample  problem  is  not  great,  the  process  of 
combining  both  priority  evaluation  measures  into  one  subset- 
ting  step  will  not  be  a  disadvantage. 

The  next  most  important  impact  categories  are  of  ser- 
vice and  highway  department  cost.  Since  both  of  these  fac- 
tors have  approximately  the  same  level  of  importance,  they 
have   been   combined  into  a  convenient  unit  of  measure.   The 
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Table  7.2 


Relative  Importance  of  Road  Replacement 
Priority  Evaluation  Measures 


Rank 

Impact  Category 

Priority  Evaluation  Measure 

1 

Road  Condition 

Roughness  Number 

2 

Safety 

Road  Width 

3 

Service  and 
Highway  Department 
Cost 

ADT  x  Project  Length/Total 

Construe 
Cost 

4 

Location 

Highway  Classification 

113 

service/ cost  ratio  mas  defined  as  the  length  of  the  project 
times  the  ADT  divided  by  the  total  construction  cost  This 
single  measure  represents  the  vehicle  miles  of  the  project 
per  dollar  of  construction  cost.  In  this  example  the  total 
construction  cost  has  been  used  instead  of  the  state's  share 
of  the  construction  cost  as  in  the  bridge  replacement  sample 
problem.  This  has  been  done  to  show  the  adaptability  possi- 
ble in  the  highway  improvement  programmer's  context  in 
choosing  priority  evaluation  measures. 

Finally,  the  least  important  impact  category  was  the 
location  of  the  project  This  was  described  as  the  primary 
or  secondary  highway  classification  upon  which  the  given 
road  replacement  project  was  located. 

APPLICATION  OF  THE  PROCEDURE  TO  ACTUAL  PROJECTS 
Mow  that  the  specific  subsetting  procedures   have   been 
developed  for  the  road  replacement  work  category,  the  set  of 
eight  projects  can  be  evaluated. 

The  set  of  projects  has  been  classified  into  five  sub- 
groups in  Figure  7. 1  using  roughness  and  road  width.  In 
this  step,  the  projects  have  been  traded  off  between  two 
different  impact  categories;  physical  condition  and  traffic 
safety  The  reason  these  two  steps  were  combined  into  one 
subsetting  step  is  so  projects  having  slightly  lower  rough- 
ness numbers  than  those  in  a  more  important  subgroup  could 
be  given  a  higher  priority  if  their  roads  were  very  narrow. 

This  may  be  seen  in  the  case  where   Project   No.  s   198, 
1588,   1583,  1573,  and  1639  all  have  about  the  same  roughness 
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FIGURE  7.1 
SUBGROUPING  BY  CONDITION  ANO  SAFETY  FOR  SAMPLE 
ROAD  REPLACEMENT  PROBLEM 
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numbers.  However,  since  Project  No.  1639  has  a  high  road 
width,  it  was  placed  in  a  less  important  subgroup  by  adjust- 
ing the  slope  of  the  lines  separating  these  subgroups 
Also,  although  Project  No.  s  1583  and  1573  have  slightly 
smaller  roughness  numbers,  they  were  placed  in  the  more 
important  subgroup,  since  they  had  very  narrow  road  widths 
Therefore,  the  slope  of  the  lines  separating  these  five  pro- 
jects into  Group  3  and  4  show  the  relative  importance 
between  roughness  and  road  width. 

It  was  not  necessary  to  give  all  the  trade-off  lines 
the  same  slope.  But  in  this  case,  it  was  done  to  show  that 
the  same  relative  priorities  between  the  two  values  is  the 
same  for  high  and  low  values  of  roughness  and  road  width. 
Due  to  the  small  number  of  projects  in  the  road  replacement 
category,  only  one  category  remained  with  greater  than  one 
project  in  it  This  remaining  group  (Group  3)  was  then  sub- 
divided into  three  subgroups  by  service/cost  ratio  in  Figure 
7.2.  Group  3A  contains  the  most  important  projects  in  this 
c  lass. 

Finally,  one  subgroup  (Group  3A )  had  two  projects 
remaining  in  it  which  were  ranked  according  to  highway 
classification  in  Table  7.3.  The  primary  highway  project 
was  given  the  higher  priority  for  the  two  projects  having 
the  same  levels  of  condition,  safety,  and  service/cost  ratio. 

All  of  the  projects  were  then  ranked  in  Table  7.  4.  The 
budget  of  $5,600,000  for  the  programming  period  was 
estimated  for  the  purpose  of  this  sample   problem   from   the 
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Table  7.3 


Subgrouping  by  Location  for  Remaining  Category  for  Sample 
Road  Replacement  Problem 


Group  3A. 


Project  No. 

1588 
1573 


Location 

Primary 
Secondary 


Subgroup 

Group  3Ai. 
Group  3Aii. 


Table  7.4 


Final  Rankings  and  Project  Choices  for  Implementation 
for  Sample  Road  Replacement  Problem 


Rank 

1 
2 
3 
4 
5 
6 
7 
8 


Project  No. 

Total 

Construction  Cost  (10 

«] 

12 

4840 

486 

3580 

1588 

6050 

1573 

2269 

198 

6988 

1583 

1210 

1639 

11,139 

1641 

11,132 

Available  Funds  [10   ?] 


5600 
760 


+  Budgeted 
+  Deferred 


1  18 


i„,o  year  budge?*   For  the   road  replacement   category   in  the 
1 1  if    Since  only  eight  of  the  ten  project  .   were   considered 

Cor  i  mp  I  .'hum,  i.. 1 1.  i  on  tn  this  sample  problem-  the  actual  budipt 
was  multiplied  by  0  8  For  approximately  this  budget  level. 
only  the  first  project  was  chosen  for  implementation  in  the 
two  year  budgeting  period.  Since  *760<000  was  still  avail- 
il ile  after  the  project  mas  selected,  either  these  funds 
rould  be  transferred  to  another  worfc  category,  or  sufficient 
funds  could  be  transferred  to  this  wo^ k  category  to  lmple- 
ment  the  second  most  important  road  replacement  project. 


).  1  9 


CHAP  ll.R  8 
rHE  DEVELOPMENT  OF  IMPAC   CATEGORIES  AND  PRIORITY 

EVALUATION  MEASURES  WITHIN  EACH  WORK  CATEGORY 
Having  discussed  the  sample  application  of  the   succes- 
Lve  subletting  technique  for  two  work  categories/  it  can  be 
seen  that  specific  procedures  must   be   developed   for   each 
ujork  category  to  use  this  technique.    Impact  categories  must 
b"  ranked  and  their  respective  priority  evaluation   measures 
must  be   combined   in   each  work  category.    In  this  chapter/ 
'commended   .impact   category   rankings  and  priority  evalu- 
tjon   measures  are       proposed   for   the   five    major   work 
categories  of  the  IDOH  Highway   Improvement   Program   (HIF). 
F  h  e  s  e  categories-  Bridge  Replacement.  Bridge  Rehabilitation/ 
Road   Construction/     Interstate    Resurfacing/    and    Non- 
Interstate   Resurfacing)   represent  approximately  65%  of  the 
HIP  budget  (50). 

BRIDGE  REPLACEMENT  AND  BRIDGE  REHABILITATION 
The   bridge   replacement   and    bridge    rehabilitation 
a  t.  e  g  o  r  i  e  s   a  r  e  a  p  p  r  o  >  i  ma  tely  the  same  with  respect  to  rela- 
tive priorities    Therefore/  the  actual  order   and   combina- 
tion  of   evaluation  measures  will  be  the  same  as  in  Chapter 
It  may  be  noted  that  the  condition  and  safety  categories 
v.;   either  be  used  to  produce  two  subsetting  steps  or  using 
'  ade  — off  curses  to  produce  one  subsettmg  step 


'  i)   addition/   it   would   probablj   be   better  for  the 

ffi'vicfl/cost   rat  io   to  be  measured   bij  AD  I   divided  by  the 

i  1,1.  ^  j  construction  cost  rather  than   divided   by   the   state 

ihare  of  the  construction  cosh    This  would  reduce  confusion 

,  aire   most   bridges   receive   the   same   Jevel   of  matching 

f  1. 1  n  d  s 

ROAD  CONSTRUCT  101*4 

I'he  new  road  construction  category  should  have   service 

i   the  most  important  impact  category  <'see  Table  8  l)  This 

may  be  measured  by  estimated  ADT  on  the  roadway/  the   number 

of   persons   to   be   serviced   by   the  new  facility,  and  the 

change  in  levels  of  congestion  and   delay   due   to   the   new 

i    i lity      The    service    category   may   be   used   either 

■eparately   or   in   conjunction   with   the   road   user   cost 

category     Road   user   costs   may   be   determined   From  the 

estimated  change  in  vehicle  operating   costs,  the   estimated 

change   in  travel  time!  and  the  estimated  change  in  accident 

I   t  5 

Next,   the  highway  department  cost  should  be  considered. 
I h i s   may  be  measured  from  the  initial  construction  cost  and 
I  •  i.  '■  t  a  n  cj  <_j  in  annual  maintenance  cost  incurred  by  the   high  — 
way   department   duo   to  the  expansion  01  the  highway  system 
with  the  construction  of  the  new  facility. 

T h e n  t  h e  1 o c  a  t  i  o n  ma  y  be  used  to  further  subdivide 
,;  i up s  This  may  be  measured  by  the  highway  classification 
or  the  area  type. 
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If  Further  subgrouping  is  necessary.  measures  in  the 
categories  of  convenience/  social,  environmental,  and  non- 
user  costs  may  be  considered.  It  is  doubtful  that  subset- 
ting  of  groups  to  this  degree  of  detail  will  be  necessary. 
though,  considering  the  large  cost  and  small  number  of  road 
construction  projects  which  are  proposed  in  this  work 
category.  It  is  more  likely  that  political  and  administra- 
tive factors;  will  have  a  much  greater  effect  than  will  pre- 
cise subset  ting  techniques  in  this  category 

INTERSTATE  AND  NQM- INTERSTATE  RESURFACING 

The  most  significant  factor  in  resurfacing  is  the  con- 
dition of  the  existing  pavement  (see  Table  8.2).  This  can 
be  described  by  roughness  number  and  pavement  strength  In 
addition,  the  impact  on  safety  will  also  be  significant 
This  can  best  be  described  by  the  expected  change  in 
accident  rate.  Pavement  friction  number  can  also  represent 
the  present  level  of  safety.  The  next  most  important  impact 
categories  are  service  and  highway  department  cost.  These 
categories  may  be  combined  to  determine  the  service/cost 
ratio  This  may  be  calculated  as  ADT  times  project  length 
divided  by  the  construction  cost 

Finally,  categories  still  needing  subdividing  may  be 
grouped  according  to  highway  classification,  such  as  primary 
or  secondary. 

OTHER  WORK  CATEGORIES 

The  previous  three  sections  have  shown  the  relative 
importance   of   impact  categories  within  work  categories  and 


Y.'-'> 


O 

•H 

4-1 

U 

3 

Vj 

4J 

CO      4J 

ai 

C    co 

>-i 

O     O 

3 

u  u 

CO 

cfl 

4-1 

0) 

u 

C 

a 

cu 
•n 

o 

•H 

a 

o 

4-1 

o 

M 

cfl 

•H 

£ 

P-. 

CJ 

00 

4-J 

u 

4-1 

■H 

T3             C 

cfl 

0) 

OO 

u 

14-1 

U— 1 

c;       -h 

3 

x 

c 

Q) 

O 

•H 

co         cj 

■H 

B 

CU 

CU 

X 

CO 

as 

cfl 

3 

u 

4-1 

e 

,C 

co 

co    i-i  lm 

> 

a 

4-1 

CO 

3 

4J 

co 

00  o    Vj 

W 

C/l 

Pi 

z 

00 

rH 

d  M-l    3 

co 

c 

u 

•H            CO 

>. 

CO 

4-1 

4-1 

c 

a* 

a;   co   qj 

4J 

01 

c 

C 

o 

hJ 

>, 

C     Dpi 

•H 

a 

ai 

cu 

•H 

cfl 

CO    Vj 

M 

X 

B 

T) 

4J 

X 

3 

di    3    «i 

0 

00 

cu 

•H 

CJ 

,C 

CO    -u 

CO 

•H 

3 

> 

CJ 

•H 

H 

00 

>*.  co    co 

CD 

M 

0 

CO 

O 

M 

5 

•  H 

M    0)   U 

•H 

CU 

&, 

P-< 

< 

fn 

K 

CN 

o  S    co 

M 

• 

60           t-l 

0 

00 

CD    fS    OJ 

4J    O    4J 

o) 

01 

cfl   vH    C 

4-1 

X 

C_>    4J    M 
CB     1 

ca 
u 

tt 

•U    3    C 

4-1 

H 

O  .-1    O  ^ 

c 

cfl    cfl  2; 

u 

0) 

a  > 

o 

>> 

B 

4-1 

E  W  xi 

5 

M 

H          C 

O 

u 

>>  CO 

00 

CO 

T)     4-1 

0) 

T3     CX 

0)   v4     0> 

4-1 

C     CU 

13     U    4-1 

c« 

ti 

CO    Q 

don) 

U 

o 

c 

0>    -rt    4-1 

•H 

<u   >> 

o 

g     M     CO 

4-1 

4-1 

>^ 

CJ      CO 

■H 

B  Oi    M 

CJ 

•H 

4J 

•H     S 

4-1 

O            0) 

CO 

•a 

CU 

>    J=    4J 

CO 

O              4-1 

a 

C 

14-1 

M     00    CO 

u 

0)         c 

E 

o 

cO 

cu  -h   o 

o 

Pd           H 

M 

c_> 

W 

en  x  u 

hJ 

a 

cfl 


124 


have  <;uqges  t  i-<l  priority  evaluation  measures  for  the  f  1  /<? 
major  work  categories  In  the  same  way,  impact  categories 
and  thpir  priority  evaluation  measures  may  be  developed  for 
the  remaining  work  categories  In  Table  8.3.  similar  work 
ategories  have  been  grouped  and  recommended  impact 
categories  have  been  ranked  within  each  group  Specific 
priority  evaluation  measures  must  then  be  developed  to  fit 
data  availability  and  other  specific  factors  of  importance 
within  each  work  category. 
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Table  8.3 


Recommended  Impact  Category  Rankings  for 
Remaining  Work  Categories  of  IDOH 


Road  Relocation,  New  Interstate  Construction, 
and  Bridge  Construction 

Rank  Impact  Category 

1  Service 

2  Road  User  Cost 

3  Highway  Department  Cost 

4  Location 

5  Convenience 

6  Social 

7  Environmental 

8  Non-User  Economic 

Added  Travel  Lanes  and  Interchanges 
Rank  Impact  Category 

1  Service 

2  Safety 

3  Highway  Department  Cost 

4  Road  User  Cost 

5  Location 

6  Social 

7  Environmental 

Grade  Separations  and  Access  Control 
Rank  Impact  Category 

1  Safety 

2  Service 

3  Highway  Department  Cost 

4  Road  User  Cost 

5  Location 

6  Social 

7  Environmental 
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Table  8.3  (continued) 

Rest  Area  Construction  and  Weigh  Station  Construction 
Rank  Impact  Category 

1  Service 

2  Highway  Department  Cost 

3  Location 

4  Social 

5  Environmental 

Rest  Area  Modifications  and  Weigh  Station  Modifications 
Rank  Impact  Category 

1  Condition 

2  Service 

3  Highway  Department  Cost 

4  Location 

5  Safety 

6  Environmental 


Interstate  Safety  Improvements,  Non-Interstate  Safety  Improvements, 
Sight  Distance  Corrections,  New  and  Modernized  Signing,  New  and 
Modernized  Lighting,  Intersection  Improvements,  New  and  Modernized 
Signalization,  and  Railroad  Grade  Crossing  Improvements 

Rank  Impact  Category 

1  Safety 

2  Condition 

3  Service 

4  Highway  Department  Cost 

5  Road  User  Cost 

6  Location 


Small  Structure  Replacement 
Rank  Impact  Category 

1  Condition 

2  Safety 

3  Highway  Department 

4  Service 

5  Location 
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Table  8.3  (continued) 

Road  Replacement,  Road  Reconstruction,  Road  Rehabilitation, 
and  Bridge  Reconstruction 

Rank  Impact  Category 

1  Condition 

2  Safety 

3  Service 

4  Highway  Department  Cost 

5  Road  User  Cost 

6  Location 

7  Social 

8  Environmental 

Erosion  and  Slide  Control 

Rank  Impact  Category 

1  Safety 

2  Condition 

3  Service 

4  Highway  Department  Cost 

5  Location 

6  Environmental 

7  Social 
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CHAPTER  9 
CONCLUSIONS  AND  RECOMMENDATIONS 

The  successive  subsetting  technique  has  been  developed 
to  set  priorities  for  highway  improvement  projects  within 
work  categories.  It  can  do  this  using  imprecise  and  sub- 
jective data  In  addition/  the  technique  is  very  flexi- 
ble and  simple  to  use.  The  use  of  a  computer  is  not 
even  necessary.  Exact  measures  of  importance  between 
different  impact  types  do  not  need  to  be  known  in  advance 
The  specific  grouping  of  projects  are  determined  after  indi- 
vidual values  for  priority  evaluation  measures  are  plotted 
and  their  distribution  over  all  projects  is  known.  Then 
using  the  data,  the  projects  must  be  separated  into  groups 
having  similar  priority  evaluation  measures.  The  decision 
maker  must  only  have  a  general  understanding  of  how  the  data 
were  gathered  and  the  limits  of  accuracy  of  the  individual 
measurements. 

One  problem  which  may  develop  using  this  technique  is 
that  for  work  categories  having  a  large  number  of  projects, 
it  may  be  difficult  to  separate  each  project  into  its  own 
group  This  problem  may  be  resolved  in  several  ways. 
Either  more  priority  evaluation  measures  may  be  applied  to 
produce  a  greater  number  of  subsetting  steps>  or  a  greater 
number  of  subgroups  may  be  made  in  each  subsetting  step 
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APPl  rCAl IONS  AND  EXTENSIONS  QF  THE  SUCCESSIVE 
SUBSET  TING  TECHNIQUE 


The  successive  subsetting  technique,  although  its  use 
has  been  demonstrated  specifically  for  the  bridge  replace- 
ment and  road  replacement  work  categories  in  the  study,  has 
been  designed  to  be  applicable  to  all  work  categories  in  the 
IDOH  Highway  Improvement  Program  All  that  must  be  done  is 
to  adjust  the  priority  evaluation  measures  to  meet  the 
specific  categories'  priorities  and  data  availability  The 
procedure  does  not  require  highly  accurate  data.  It  has 
been  specifically  designed  for  situations  where  much  of  the 
input  data  is  subjective  in  nature  Useful  results  may  be 
obtained  using  the  data  presently  available.  This  has  been 
exemplified  in  the  sample  problems  Thy  importance  of  each 
impact  type  must  also  be  ranked  relative  to  all  other- 
categories.  The  priority  evaluation  measures  must  be 
adjusted  Per  each  type  of  work  category. 

Since  the  relative  priorities  of  each  of  the  pro- 
tects are  ranked  using  the  subsetting  technique,  it  is  easy 
to  determine  which  projects  should  be  added  or  deleted  in 
i  ase  of  adjustments  in  the  overall  budget  level  after  the 
program  has  already  been  developed 

Although  this  technique  was  developed  to  determine 
relative  priorities  for  scheduling  of  already  approved  pro- 
jects, it  can  also  be  used  as  a  sufficiency  rating  technique 
to  determine  which  sections  of  roadway  or  structures  are  in 
greatest  need   for    improvement.    Projects   would   then   be 
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developed   For   the   sections   with  th«  greatest  need    This 
ippliration  would  require  that  condition  inventories  be  made 
for   all   sections  of  roadway  or  structures  in  the  region  of 
interest 

An  important  aspect  of  the  subsetting  technique  is  that 
it  may  also  reveal  which  projects  mag  not  be  in  the 
appropriate  work  category.  For  instance,  several  projects 
in  the  bridge  replacement  sample  problem  were  determined  to 
be  in  relatively  good  condition.  It  would  be  better  if 
these  protects  could  be  placed  in  a  less  costly  work 
category.  for  example,  bridge  replacement  projects  having 
bridges  in  relatively  good  condition  could  be  moved  to  the 
bridge  maintenance  category.  This  r ecategor 1 z ing  of  projects 
could  reduce  overall  highway  improvement  costs  as  well  as 
reduce  the  number  of  backlogged  projects  in  some  categories. 
Less  important  projects  could  also  be  placed  in  job  categor- 
ies requiring  less  extensive  work.  A  bridge  that  might  have 
a  relatively  low  priority  in  a  bridge  replacement  category 
may  receive  a  relatively  high  priority  in  a  bridge  rehabili- 
tation or  bridge  maintenance  category. 

As  has  already  been  discussed,  this  technique  can  iso- 
late which  projects  have  data  discrepancies  Projects  that 
have  both  high  and  low  ratings  within  the  same  impact 
category  should  be  reexamined  to  determine  the  true  condi- 
tion of  the  existing  structure  or  roadway  section. 

The  simplicity  and  straightforwardness  of  this  pro- 
cedure  should   make   it   applicable   for   use  both   by  more 
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technically  brained  personnel  and  by  less  technically  train  - 
pel  personnel.  As  a  result  /  it  could  be  used  at  both  state 
-*nd  local  levels  of  jurisdiction  as  well  as  central  and  dii- 
It i ct  levels  of  state  highway  offices  The  graphical  format 
should  make  it  easily  understandable  by  the  layman 

In  addition/  the  flexibility  of  this  technique  should 
make  it  applicable  for  both  manual  and  computerized  pro- 
cedures. If  computerized)  it  would  be  most  useful  to  input 
trade-off  curves  after  the  distributions  of  individual  pro- 
ject priority  evaluation  measures  have  been  plotted 
RECOMMENDATIONS  FOR  FUTURE  RESEARCH 

In  developing  this  priority  setting  technique,  several 
needs  have  been  discovered  that  either  need  future  research 
or  greater  priority  within  the  IDOH. 

The  first  recommendation  is  for  a  centralized  data  base 
within  the  IDOH.  At  the  present  time,  it  is  very  difficult 
to  locate  all  available  data  on  a  given  project  or  project 
location  Each  division  within  the  IDOH  has  its  own  filing 
system.  While  it  may  seem  appropriate  that  each  division 
has  data  pertaining  to  its  own  greatest  needs,  one  must 
remember  that  highwag  projects  have  overlapping  impacts. 
Changes  in  design  may  be  necessary,  due  to  both  safety 
aspects  and  environmental  impacts.  Therefore,  a  centralized 
data  base  that  is  periodically  updated  mould  greatly  facil- 
itate the  planning  and  programming  functions. 

In  using  the  subsetting  technique  priority  evalua- 
tion  measures   are   considered   in   order  of   significance. 
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Consequently,  the  category  used  first  is  the  most  signifi- 
cant as  to  what  priority  a  given  project  receives  Therefore 
it  is  recommended  that  more  objective  -and  precise  measure- 
ments be  determined  for  the  types  of  impacts  that  have  the 
greatest  significance. 

A  specific  example  is  in  the  work  category  of  bridge 
replacement  No  objective  data  exists  for  the  most  impor- 
tant evaluation  measure;  physical  condition  Only  subjec- 
tive and  relatively  inaccurate  estimates  of  bridge  condition 
are  available.  Research  needs  to  be  done  to  determine  non- 
destructive/ objective  tests  for  bridge  condition  and 
remai  ning  life. 

It  is  possible  that  the  Pavement  Management  System 
could  be  combined  with  the  subsetting  technique  to  produce  a 
highway  management  system.  Careful,  detailed  research  has 
already  been  done  into  the  physical  condition  of  road  pave- 
ments for  the  resurfacing  work  category.  This  could  be 
expanded  to  include  more  extensive  roadway  improvement 
categories  and  also  include  more  important  priority  measures 
such  ,3s    roadway  service,  construction  cost,  and  safety 
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